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MILITARY CURRICULUM MATERTALS

The military-developed curriculuin materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
&veloped by the military more accessible to vocational
educators in the civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination, Materials which were specific to the military
were deleted, copyrighted materials were either omitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.
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an activity to increase the accessibility of
military-developed curriculum matenals to
vocational and technical educators.

Thiwproject, funded by the U.S..Office of
Educatior!, includes the identification and
acquisition of curriculum materials in print
form om the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access 10 military curriculum materials is

provided through a “Joimt Memorandumn of
Understanding’’ between the U.S, Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vocational and tech-
nical education are selected for dissemination.

The* National Center for Research in
Vocational Education is the U.S, Office of
Educati3n’§ designated representative to
acquire the materials and conduct the project
activities.

Project Sta?f :

Wesley E, Budke, Ph.D., Director
Natiopal Center Clearinghouse

Shirley A. Chase, Ph.D. N
Project Director
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What Materials
Are Available?

One hundred twenty courses on microfiche
{thirteen in paper form) and descripiions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation.

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks and technical
manuals. ,
The 120 courses represeni the following
sixteen vocational subject areas:

Agriculture Food Service
Aviation Mehlth
Buiiding & Heating & Air
Construction Conditioning®
Trades Machine Shop
Clerical Management &
Qccupations Supervision
Communications Meteorology &
Drafting Navigation
Electronics Photography

Engine Mechanics Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with ‘application to vocational and
technical education are identified and selected
for dissemination,

How Can These

Materials Be Obtained?

P T ]

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials {e.g., availability and costl. They
will respond to your request directly or refer
you to an instructional materials agency

closer to you.
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CURRICULUM COORDINATION CENTERS

EAST CENTRAL
Rebecea S. Douglass
Director

100 North First Street
Springfield, L. 62777
217!782-07}9

MIDWEST

Robert Patton
Directnar

1515 West Sixth Ave.
Stillwater, OK 74704
405/377.2000

NORTHEAST

Joseph F. Kelly, Ph.D.
Director |

225 West State Street
Trenton, NJ 08625
609/292-6562 - ~

NORTHWEST
William Daniels
Director

Building 17
Airdustrial Park
Olympia, WA 98504
206/753-0879

SOUTHEAST

James F. Shill. Ph.D.

Director

MississiPpi State University
Drawer DX

MississIPPi State, MS 39762

601/325-25610

WESTERN &
Lawrence F. H. Zane, Ph.D.
Director

1776 University Ave.
Honolulu, H1 656822
808/948-7834

.\'L.' 5




The National Center
Mnss‘on Statement
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The National Center for Research in
Vocational Education’s mission is 1o increase
the ability of diverse agencies, institutions,
and organizations 10 solve educational prob-
lems relating to individual career planning,
preparation, and progression. The National
Center fulfills its mission by:

Fl
.

+ Generating knowledge through research

Deveioping educational programs and-
oroducts

Evaluating individual program needs
and outcomes

{nstalling educational programs and
products

Operating information systems and
services

Conducting ieadership developinent and
training programs

FOR FURTHER INFORMATION ABOUT
Mititary Curriculum Materials
WRITE OR CALL
Program information Oxfice
The National Center for Research in Vocational
Education
The Ohio State University
-1960 Kenny Road, Columbus, Ohio 43210
Telephone: 614/486-3655 or Toll Free 800/
848-4815 within.the continental U.S.
{except ghiol
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Quarviow Twenty One
OVERV I EW
BASIC ELECTRICITY AMD ELECTRONWICS
MODULE TWENTY ONE

Basic Transistoy Theory

In this module you wiil learn how to identify the two types of tran-
sistors, how tc identify the three leads of a transistor, and how a
transistor can be compared to a variable resistor. You will learn the
voltages required for conduction of the two types of transistors (this
is called bias) and the maximum output signal amplitude possible from a
transistor circuit. You will also be able to identify six basic tran-
sistor circuits, their functions, and two classes of bias for operation.

This module has been divided into the following five lessons:

Lesson | - Basic Transistor Theory

‘Lesson || Transistor Biasing

Lesson 111 Basic Transistor Amplifier Functional Analysis
Lesscn 1V Basic Transistor Amplifier Configurations
Lesson Y Basic Transistor Amplifier Circuit Analysis




BASIC ELECTRICITY AND ELECTRONICS

MODULE TWENTY ONE

LESSON !

BASIC TRANSISTOR THECRY
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Overview ) ' Twenty One-|

OVERVIEW
LESSON |

Basic Transistor Theory

in this lesson you will*begin your study of transistors. You will earn
how to distifgulsh between the two basic types of three-element trarsus-
tors and identify each of the elements gﬁ,}hown oh the schematic ,syibol.

You will learn how fney function and compare them to a variable res stor.

The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S):

)
L

21.1.42 When the student complietes this course, he will be able to
TROUBLESMOOT an audio amplifier training device, given the
required test equipment, schematic diagram, and a prefaulted
audio amplifier. Faults to be limited to open or sho:-%ed
components; no more than one faylt per problem. (Removc/
replace a similar component Qn a practice card. 1003
accuracy is required.

. ENABLING OBJECTIVE(S). .

When the'sﬁqdent completes this lesson, he will be able to:

21.1.42.1 COMPARE the operation of a transistor to a variable 7c¢3istor,
.by selecting the correct statement from a dioup of fo.r or
identifying the correct circuit configuration with %
accuracy.

21.1.42.1.1 SELECT the schematic symbol for the component which fJictions
most like a transistor from a choice of four schematir symbols
of non-actlve components. 100% accuracy is required.,
. - &
21.1.42.1.2 ANALYZE the effects of a change in circuit resistanc: on,
current and voltage by selectlnq the correct voltage'’
current relationsk _.s from a g/gup of four, given a sche-
- matic diagram of a circuit containing a spource conneced
to a variable resistor in series with a load. 100%
accuracy is required.
1
DETERMINE the resultant quaiitative voltage drop acr ss a
transistor when that transistor’s conductivity incre ses/
decreases, by selecting the correct choice from a !. it of
four possible choices. 100% accuracy is required.

-

10
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21.1.42.1.4

21.1.42.1.5

21.1,42.1.6

21.1.42.1.7

21.1.42.1.8

Twenty Onpe-|

OVERVIEW

£,

IDENTIFY the schematic symbol for a three element PNP tran-
sistor by selecting the correct symbol” from a set of four
choices., 100% accuracy is required. Y

1DENTIFY the schematic symbol for a three element NPN tran-
sistor by selecting the correct symbol from a set of four
choices. 100} accuracy is required.

IDENTIFY the name of each lead on 3 transistor_schematic s?ﬁa
bol by matching the correct name, from the list provided, with
each lead as numbered on the schematic symbol shown. 100%
accuracy is required. ’ .

IDENTIFY the collector, base, and emit..- l(eads on an actual
transistor, glven a transistor. 100% accuracy is raquired,

IDENTIFY the major current flow through an NPN/PNP trapsistor
by selecting the schematic symbol for an NPN/PKP transistor
which correctly illustraté€s the major current flow from a
list of transistor schematic symbols. 100% accuracy is
required. -

BEFURE YOU START TPiS LESSON, READ THE LESSON LEARNING OBJECE%EES AND

PREVIEW THE

LIST OF STU9Y RESOURCES ON TRE NEXT PAGE.

*




Study Resources Twenty One-|
&

LIST OF STUDY RESOURCES
LESSON I '

Basic Transistor Theory '’

To learn the material in this lesson, you have the option of choosing,
according Lo your experience and preferences, any or all of the follow-
ing study rasources:

» 1 Lesson presentation in:
Jodule Booklet:

Summary
Programmed Instruction

Narrative
¢

Student's Guide:

Job Program Twenty One-1 "'Transistor ldentification"
Progress Check

~additional Material(s):
Audio/Visual Program Twenty One~1 'Basic Transistor Theory'

Enrichment Material{s}):

2

Electronics Installation and Maintenance Book, Electronic Circuits,
NAVSHIPS 0967-000-0120, section 5,

-

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE ! EARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED
TO ACHIEVE ' ESSON OBJEC™ “ES. THE PROGRESS CHECK MAY BE TAKEN AT ANY
TIME.
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SUMMARY
LESSON |

Basic TranslIstor Theory

Transistors were invented at Bell Telephone Laboratories in 1948, and
have practlcally replaced tubes in modern electronic equipment.

Functionally, the transistor can be compared to a variable resistor
because it Is able to vary the current through the clrcuit 1t is in,

(The transistor is a current amplifying device.} Because we are mostly
concerned with current, when using translstoPB\E? speak of a transistor’s
conductivity, .

Translstor actlon Is similar to a variable resistor in a serles reg-
ulator clircuit. [Encreasing the.resistance decreases the current through
the variable reslstor but increases the voitage across the variable
resistor. The transistor, In essence, does the same thing. As Its
conductIvity increases, the voltage across the transistor decreases.

"~
A clrecuit will normally show the tie point between the clrcuit and its
power source as @ line. 3 line with an arrowhead, or a line with a dot
with a +, -, Vee, -Vee, or a letter of the alphabet (See Figure 1).

Vcc ‘*Vc ¢
———— 4150V l T,y — X )
-Vee
\ Ficure 1

As shown In Flgure 1, the line can be up, down, or on its side, but will
always indicate a tie polnt between circuit and power supply.
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The basic transistor is comprised of three elements: the emitter, the
base, and the coilector. Schematically, the transistor looks like the
illustration in Figure 2, <

COLLECTOR
BASE
EhITTER
. Transistor Elements
Figure 2

There are two types of three element transistors, NPN and PNP. The NPN
will have the arrow on the emitter NOT POINTED IN. The PNP will have
the arrow POINTED {N from the PEREHETER NPN transistors will be used
mainly with positive power supplies, and PNP transistors will be used
with negative power supplies. In either case the direction of current
flow will always be against the arrow., See Figure 3.

+ --\

- +

Figure 3

Transistor elements can be easily identified by some key or mark that
will be placed on it by the manufacturer. This key or mark will almost
always be nearest to the emitter. See Figure 4.

COLLECTOR
BASE

+— BUMP{TAR)
EMITTER

Transistor Lead tdentification

Figure 4

14
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Summary Twenty One-!

Figure & shows the underside of a common transistor. The small bump
identifies the emitter 2nd, going clockwise, we have the base, then

the collector. Other base diagrams and transistor data are given

in reference books such as flectronics Information Maintenance Bulletin,
transistor manuals, and equipment technical manuals.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRELSS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,

= PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS

T T LESSON--YOU ARE HAVING DIFFICULTY.WITH. IF YOU FEEL THAT YOU HAVE

FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT ANO USE ANOTHER

= WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE),
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YCU CAN ANSWER ALL
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON |

Basic Transistor Theory

TEST FRAMES ARE & AND 11. GO FIRST TO TEST FRAME 8 AND SEE IF YOU CAN
ANSWER THE QUESTION. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME.

1. Transistors were invented at the Bell Telephone Laboratory in 1948.
Over the years it has been discovered that the transistor can do almost
a tube can do with greater efflciency, dependability and at
st, so it's no great surprise that transistors have practically
uum tubes in modern electronic equlpment.

Functiondl iy the transistor can be compa-ed to a variable resistor
because it is able to vary the current t..rough the circuit it is in.
The big difference is that the transistor is an smplifying device, the
resistor is not. {More about this later.)

Which of the following schematic illustrations can most readily be
compared to the transistor?

2. When we speak of resistors, we talk in terms of resistance or resis-
tivity, With transistors we talk in terms of conductance or conductivity
because a transistor is primariiy a current amplifying device. {Conduc-
tance is the reciprocal of resistance.) Transistors alro amplify voltage,
but remember, current through resistors is the means by which the voltage
drop is produced.

When speaking of transistors, we talk in terms of

conductance or conductivity {or words to that effect)
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2. Transistor action can be compared to the action of a variable resistor

with a fixed resistance.

in a series regulator c¢clreyit.
Y Let's review this circuit.

A variable resistor

{See the lesson on power supply regulators..)

(Rv) is piaced in series
[ ™

When Rv is increased, what happens to the voltage across Rv and the

current through Rv?

Voltage decreases
Voltage increases
. Voltage decreases
Voltage increases

- o o e m o e oum e w o

and current increases.
and current decreases.
and current decreases,
and current increases.

+

b. Voitage increases and

current decreases.,

b,

transistor decreases.

The transistor, in essence, works the same way.
the transistor decreases, conduction in¢reases and the voltage across the
Sound familiar?

+

Ay

METER
Q4

—

As the resistance of

what happens ff the transistor's resistance increases?

a.

v b.

do

Conduction increates and vol tage
Conduction decreases and voltage
Conduction decreases and voltage
Conduction increases and voitage

across
across
across
across

- e o w dm e o A e o oaw e s e owe e o e e o

the
the
the
the

-

transistor. increases,
transistor increases.
transistor decreases,
transistor decreases,

- e ar oa oar e a o om a o-

b.

Conduction decreases and voltage across the

transistor increases.

Q .

ERIC

PAFullToxt Provided by ERIC

B
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P.l. _Tﬁenty One~|

5. Take another look at the circuit In Frame %. ‘You will notice an
arrow pointing upward with a plus next to it. This arrow does not in-
dicate an output. it indicates a tie point between the ¢ircuit and
its voltage source. This arrow may point up, down, or sideways, but
will be shown with a +, =, Vcc, -Vcc (Vecc is an abbreviatlon for power
source), or 3 letter of the alphabet, When a + or - is used the volt-
ages are normally shown. Some examples of this are shown in Figure i,

+10V =150V -

-

—r—————- _vcc . x_
+Vee Y
Figure 1

There isn't always an arrow head on the line indicating the power source
tie point, You may find a dot or Just a3 line as shown in Figure 2.

+Vee ) ~\Nce |

—_—0 X —_—-5Y
-0V +Vec

Figure 2

in any case, at the indicated point the circuit is tied to the power
supply. .

In a circuit schematic, a power supply tie point {is/is not) indlcated
by a line going to a #, -, Vcc, ~Vec, or letter and {Indicates/doesn't
indicate) a physical connection with the power supplv at that point,

Is, indicates (in that order)
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6. The basic transistor is compriSad of three-elements._ Schematically,
the three element transistor is very easy to identify. It resembles the

letter 'Y,

The easiest element to identiiy is the emitter; it will always be denoted

by an arrow.

The base is also easy to identify; at its connecting point it forms a T.

©

The final element, the collector.

@

Hatch the correct element names with the numbers on the schematic illus~
tration shown. .

2,
1.
1. a. Emitter
2. ' b. Base \3
3. ¢c. Collector

- oaa m W o M M m oa mE B mE B M o m m mE o mE m mm e R mE m m m mE m m m R m o

1. b. Base
2. ¢. Collector
3. a. Emitter

1319
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7. The physical elements of the tvansistor are also edsily identified.
In- one of the most common base systems there is some key or mark {a bump,
a dot, a notch, etc.) on the transistor to show where the emitter is lo-
cated.; This "mark" is normally close to the emitter. See Figure 3.

COLLECTOR
BASE

+-—BUMP 7AB
EMITTER

Transistor Lead ldentification

Figure 3
@

Turning the transistor so you are looking at its underside, the first
element clockwise from the emitter is the base and the next is the
collector. This does not identify the "type'" of trifsfstor {NPN or

PNP), only the elements; you have to look in the mefuals to find that y
data. Other base diagrams are shown in Job Program Twenty One-|,
Electronics Information Maintenance Bulletin, transistor manuals, and
equipment technical manuals.

Label the parts of the transistor shown.

b.
a.

c. —d.

"a. base, b collector, ¢c. emitter, d. bump (tab)
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8. TEST FRAME
Which of the following =tatements about a transistor is most correct?

a. The element identification mark on a transistor is usual’y near
the collectior,

t. The element identification mark on a transistor will tell you
which type it is,

¢. The element identification mark on a transistor will usually be
near the emitter,

d. The element identification mark or a transistor will usuaily be
near the base.

{THIS 1S A TEST FRAME, COMPARE YOUR ANSWER WITH THE CORRECT ANSWER
GIVEN AT THE TOP OF THE NEXT PAGE.)

15




P.l. Twenty One-!

c. The element identification mark on & transistor will usually be
near the emitter.

[F YOUR ANSWER MATCHES THE CORRECT ANSWER, YCU MAY GO YO TEST FRAME 1l.
OTHERWISE, GO BACK TO FRAME -1 AND TAKE THE PROGPAMMED SEQUENCE REFORE
TAKING TEST FRAME 8 AGAIN.

9. There are two types Of three element transistors., In schematic
diagrams they can be distinguished by the direction the emitter arrow
points, The two types are NPN and PNP. The initials denote the elec-
trical properties of these transistors. {P = positlive, N = negative.)
The initials are also an easy way to ident!Ty each, The inittais NPN
can mean the arrow is NOT POINTED IN and PNP can mean PO!NTED IN from
the PERIMETER.

Which of the following symbcls represents an NPN transistor and which is
PNP?

is NPN
is PNP

b.; e. (In that order])
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10. HNPN transistors will be used mainly with positive power supplies.
+

PNP transistors will be used mainly with negative power supplies.

‘ +
In either case, current will flow against the arrow.

L. NOTE: Power supplies can be positive or negative. The basic difference
is where the output is taken from with reference to ground. If the nega-
tive side of the power supply output is grounded, it's a positive power
supply. |[If the positive line is grounded, it's a negative power sur_ly.

What voltages on the emitter and collector of a transistor insure proper
current flow Within the transistor? ({Select al! correct choices.

a. HPN ~ collector positive with respect to the emitter.
. b. PHP - collector positive with respect to the emitter.
c. HNPN - collector negativt with respect to the emitter.
d. PHP - collector negative with respect to the emitter.

- wm m wm wm m m oW m W W W m om W™ Em % om = wm wm oW W™ owm o M= wm M 4 wm wm wm wm m m om om

11. TEST FRAME

Which of the following illustrations is most correct? (The broken a~row
indicates direction of current flow.)

&L Q)

- e wm oam om owm oW o osm owm owWm m om o M ™ o m m owm W W W m s m m o m m m om wm owm owm o e

"(THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER
GIVEN AT THE TOP OF THE NEXT PAGE.)

23




P.1. Twanty One~-|

C.

3

IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU HAVE COMPLETED THE
PROGRAMMED 1NSTRUCTION FOR LESSON | MODULE TWENTY ONE. OTHERWISE,

GO BACK TO FRAME § AND TAKE THE PROGRAMMED StQUENCE BEFORE TAKING
TEST FRAME 11 AGAIN. ;

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST 1TEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPRDPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER *
WRITTEN MEDIUM OF INSTRUCT(ON, AUDIO/VISUAL MATER'ALS (IF APPLICABLE),

OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL

SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

.



Narrative ~ Twenty One-|

NARRATIVE
LESSON |

Basic Transl|stor Theory

One cf tha great advances in electronics gpdﬁ_place at Bell Telephone
Laboratories in 1948 with the invention of the transistor. Since then,
transistors have been developed that can do about anything a vacuum
tube can do with greater efficiency, dependability, and generatly a iot
cheaper. |[t's no great surprise that transistors have practically re-
placed tubes in modern electronic equipment, so you're going to spend

a lot of time studying them. Tl .
Functionaily, the transistor can be compared to a variable resistor be-
cause it is able to vary the current through the circult it is in. (The
big difference is that the transistor is wun amplifying device; the resis-
tor is not.) .
The transistor 's.primarily a current ampiifying device. Transistor
action can amplify voltage, but remember, current control is the means
by which the voltage is varied. When we speak of resisters, we talk in
terms of resistance or desistivity. With transistors we speak of con-
ductance or conductivjity; that Js, the abitity to far}y current. Remem-
ber, conductance is the rec!p;ﬁtal of resistance (EJ.

The transistor action compares with the.action of a variable resistor

In a series regulator circuit. (See the lesson on power supply regu-
lators.) Let's review this circult. A varfable resistor {(Rv) is placed
in series with a fixed resistance.

When Rv is increased what will happen to the voltage across Rv and the
current through Rv?

Vol tage decreases and current increases.
Voltage increases and current decreases.
Voltage decreases 277 current decreases.
Voltage increases and current increases.

- W W am  m am
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b. ({Review che Module on Power Supply Regulators if this is not clear
to_you Nhow.)

The transistor, in essence, we~ks the same way. As the conductivity of
the transistor increases. (its resistance decreases}, the voltage across
the transistor decreases, ~See Figure 1.

+

/
s ELECTRICAL METER CONOUCTIVITY 4
YARIATION

.

RESISTANCE *

Figure 1

Take another look at Figure I. You will notice an arrow pointing up-
ward with @ plus next to {t, This arrow does not indicate ar output.

It indicates a tie point between the circuit and its voltage source.
This arrow may point up, down, or sideways, but will be shown with a

+, =, Vec, -Vcc (Vecc is an abbreviation for power source), or a letter
of the .alphabet. When a + or - is used the voltages are normally shown.

Some examPles of this are shown in Figure 2,

+10V -150V

——-=Vge X

+Vee Y

Figure 2 4
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There isn't.always an arrow head on the {lne indicating the power source
tie Input. You may find a dot or just a {ine as shown in Figure 3.

+Vec -V¢e

— ox +5V

~-10V +Vee

Flgure 3

In any case, at the indicated point the circult is tied to the power
supply, and this is the point at which the clircult recelves the power
1t needs in order to operate.

Before we_go further on the operation of transistors, let's look at
some of Its physical characteristics.

The basic transistor is comprised of three elements. Schematically the
three element transistor is very easy to l{dentify. 1t resembles the
{etter "'Y", . ¢ 5

The easiest element to identify is the emltter.
" The emitter will aiways be denoted by an arrow,

Al

The base is also easy to ldentify. At Its connecting point 1t forﬁs aT.

]

21 27




N

" Narrative Twenty One-|

o~

The final element, through the process of elimination, is the collecto>r.

Match the correct element names with the numbeirs on the schemat.c illus-

tration shown. 2
1. a. Emitter 1
2. b. Base
3. ¢c. Collector

}. b. Base
2. c¢. Cotlector
3. a. Emitter

The elements of the transistor are also easily identified physically.
There is always a key or mark {a bump, a dot, a notch, etc.) on the
transistor to show where the emitter is located, as shown in Figure 4.

COLLECTOR
BASE
“+——BUMP!TAB
EMITTER
¢ Transistor Lead ldentification

Figure 4

{1n most cases the key or mark will be close to the emitter). Figure 4
shows one of the most common transistor bases in use at this time, The
illustration shows the transistor from its underside. The first element
clockwise from the emitter i5 uha base and the next is the collector. The
key or mark on a transistor does not identify the type of transistor {NPN
or PNP), only the elements; you have to look in a manual to find out the
type. Other base diagrams are illustrated in Job Program Twenty One-|,
Electronics Information Maintenance Bulletin., transistor manuals, and

equipment instruction manuals. @
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There are two types of three element transistors. Their schematic symbols
can be distinguished by the direction the emitter arrow points. The two
types are NPN and PNP. These initials denote the electricail properties

of these transistors (P = positive, N = negative). The initials are also
easy ways to identify each. NPN can mean the arrow is NOT POINTED I[N and
PNP can mean the arrow is POINTED IN FROM THE PERIMETER. )

The following symbols represent NPN and PNP transistors. See Figure 5.

NPN PNP

Figure 5

NPN transistors wil! be used mainly with power supplies with positive
voltage outputs and

NPN

PNP transistors will be used mainly with negative power supplies, but in
elther case, current will flow against the arrow.

PNP

NOTE: Power supplies can be positive or negative. The basic differ=
ence is where the output is taken from with reference to ground. if it is
taken above ground it's a positive power supply. If it's taken below
ground it's a negative power supply.
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Which of the following itlustrations is most correct? (The dashed arrow
indicates direction of current flow.}

AT THIS POINT, you MAY TAKE THE LESSON PROGRESS CHECKX. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH. |F you FEEL THAT YOU HAVE

FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSOM, SELECT AND USE ANOTHER
WRITTEN MEOIUM OF INSTRUCTION, AUOIO/VISUAL MATERIALS (FF APPLICABLE),
OR CONSULTATION WITH LEARMING SUPERVISOR, UNTEL YOU CAN AWSWER ALL
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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OVERVIEW
LESSON ¢

Transistor- Biasing

In this lesson you will learn about biasing and how it is used to control
{the conduction of a transistor. You will learn why the two types of tran-
sistors require voltages of opposite polarities and how to determine which
transistor requires which polarity. You will study about the control func-
tions of the transistor's base, the reason for using stabilization compo-
nents, and how to determine the maximum amplification possible for a given
amplifier.

The learning objectives of this lesson are as follows:
TERMINAL OBJECTIVE(S):

21.2.42 When the student completes this course, he will be able to
TROUBLESHOOT an audio amplifier training device, given the
required “est equipment, schematic diagram, and a prefaulted
audio amplifier. Faults to be limited to open or shorted
components; No more than one fault per problem. Remove/re-
place a similar component on a practice card. 100% accuracy
is required. '

ENABLING OBJECTIVE(S):
When the student completes this lesson, he will be able to:

21.2.42.3 DEFINE the function or purpose of (1) the transistor, (2)
static/dynamic bias, and (3) stabilization in the conversion
stege of an amplifier by selecting the correct statement
from a list of four choices, only one of which is correct..
100% accuracy is required.

21.2.42.3.1 DEFINE static/dynamic bias by gelecting the best statement
from a list provided. 100% accuracy is required.

21.2.42.3.2 SELECT the PNP and the NPN transistor schematic symbols la-’
belled with relative voltage polarities (bias) which will
enable each of them to conduct, given sets of 4 schematics
{one set for each type), one of which is properly polarized.
100% accuracy is required.

21.2.42.3.3 DETERMINE a transistor amplifier’s maximum peak-to-peak out-
put, given a transistor amplifier circuit with Vcc indicated
and a list of four choices, only one of which is correct.
1003 accuracy is required.

32 {
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21.2.42.3.4% \DENTIFY the basic reason for providing stabilization in a
transistorized circuit-by selecting the correct statement
from a set of four choices only one of which is correct.
100% accuracy is required.

21.2.42.3.5 §DENTIFY the stabilizing component(s) in a schematic diagram
of a basic common emitter amplifier circuit by selecting
the correct stabilizing component from a set of four choices
only one of which is correct. 100% accuracy is required.

21.2.42.3.6 SELECT the pname of the-transistor element that controls
- current flow through the transistor, from a list of names
including collector, emitter, and base. 100% accuracy is
required.

21.2.42.3.7 ANALYZE the effects on th Jduction of a PNP (NPN} tran-
sistor when a positive (or negative) input alterpation is
applied to the base by selecting from a choice of four state-
ments only one of which is correct. 100% accuracy is re-
quired.

21.2.42.12 OBSERVE and MEASURE the bias and its effects orn a transistor
amplifier given a training device, an oscilloscope, and a
multimeter. 100% accuracy is required.

21.2.42.13 (OBSERVE the effects of’temperature on the copduction of a
transistor given a training device, and a multimeter. 100%
; accuracy is required. ’

BEFORE YQU START VHIS LESSON, READ THE LESSON LEARNING QBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.

27
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Study Resources Twenty One~11

o

’ LIST OF STUDY RESOURCES
LESSON |1

. Transistor Biasing

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or ail of the foliowing

study resources:
Written Lesson presentation in:

Module Booklet:

Summary
Programmed Instruction

-Narrative

Student's Guide:

Audio/Visuai Response Sheet Twenty One-I|
Job Program Twenty One-ll '"Transistor Biasing"

Progress Check
Additional Material(s):

Audio/Visual Twenty One-ll '‘Transistor Biasing"

Enrichment Material{s}:

E]

Electroﬁics Instatlation and Maintenance Book, Electronic Circuits
NAVSHIPS 0967-000-0120, section 5

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, IMCLUDING THE LEARNIMG
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT WECESSARILY REQUIRED
TD ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME.

. 28
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_ SUMMARY
LESSON -t | ’ ¢

Transistor Biasing

Static Bias is defined as the DC potentials at the collector and the
Gase with respect to the emitter hecessary to establish a transistor's
conduction level. ¢

The transistor's emitter is always used as the reference point. In an
NPN transistor biased for conduction, the base will be more posgitive
than the emitter, and the collector will be more positive than the base
- and the emitter. In a PNP transistor biased for conduction, the base
will be more negative than the emitter, and the collector will be more
negative than the base and emitter. This is shown in Figure 1.

+49v - -13V
+55V ~8.5V_

+13v _-4.9V

N PN ) PNP .

Figure 1
»
The voltages shown on the transistors' leads in Figure !} were measured
with respect to ground. To find the actual static bias voltages across
the transistor's elements you must: *

1. Subtract the emitter voltage from the base voltage for the base-
emitter static bias voltage (Vbe). "

2. Subtract the emitter volitage from the collector voltage for the
collector-emitter static bias voltage (Vce).

29 é?f;
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The flow of current in a transistor will be agains: the arrow, as shown
tn Figure 2.

-_8\' . ’.:.av
\» -“:;:. ! ‘;2‘,
PNP NP N

r Current Flow in NPN.and PNP Transistors
Figure é -

- ! s ‘
As you can see from Figure 2, no currert flows between base and collector.

The emitter current in both transistor types is a combination of both
- the base and collector cturrenis,

Figure 3 shows an NPN transistor clircuit. +10v

NPN Transistor Circuit

Figure 3

-

The voltage applied to the collector comes from the +10 volt supply
through R2.

The base-emitter bjas voltage is produced by the current flow from ground
through the base-emitter, through R1, to the +10 volt supply. The base~
emitter has 3 certain resistance which will produce a voltage drop across
it. The amount of voitage will be determined by the amcunt of current

Rl allows to flow in the base-emitter circuit. Changing Rl's value
changes the amount of current that flows in the base-emitter circuit
giving us an easy way of changing hase-emitter static bias voltage (Vbe).

36
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The transistor's base is its controlling element. Changing the base-
emitter circuit current, by changing the voltage applied to the base-
emitter, will cause a change in transistor conductior. Because of
transistor construction it cnly takes a few tenths of a volt across the
base-emitter to make a large change in conduction in the co!lector-
emitter circuit. See Figurc 4.

+1.2vPp|

NPN Transistor Circuit with 1nput Signal
y Figure 4

A 1.2 volt peak-to-peak sine wave is applied to the base which, in this
case, has a 0.6 volt D.C. static bias voltage on it. The sine wave will
add to and subtract from the 0.6 volt DC static bias voltage causing the
base voltage to vary between 0.0 volts and 1.2 volts, as shown in Figure 5.

Figure §

The changing potential caused by the input signal is called Dynamic
Bias. Dynamic bias is the bias voltage on the base of a transistor with
a signal applied and is a combination of the input signal and the static
bias voltage.

3 :}:7
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s A sine wave will cause maximum conduction in an NPN transist r during
its positive variation and minimum conduction during i's negative
‘ variation, The increase in conduction causes @ decrease in the voltage
across the transistor. $Since voltage is what is seen on an oscilloscope,
you will see @ positive-going input as an amplified negative-going out-
‘put.. The sine wave's negative variation will show an amplified positive-
going output. This is shown in Figure 6,

+10v

+1.2vPP| INO

_:I__

Figure 6

PNP transistors work the same. A positive-going input produces an
amclified negative-going output.

The potential for the coliector is called Vcc or coliector supply voltage.
Regardless of the amount of amplification, the peak-to-peak output vol-
thge cannot exceed the value of Vcc.

Heat can easily destroy a transistor. For this reason transistorized
equipment is normally located in air conditioned spaces. However, a
transistor can create its own internal heat which can destroy it even
though it may be in an equipment which is located in an air conditioned
space.

In the fixed base bias circuit, Figure 7, the only control over static

base-emitter current is the resistance of the base-emitter and Rl's
resistance.

ouTPUT

Figure 7

" 2 38
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R1's resistance is fixed and will not change. However, Ql's base-emitter
resistance will decrease if a certain temperature limit is exceeded. |If
the base-emitter "asistcnce begins to decrease, more current will flow
through the base-emitter increasing collector-emitter cu~rent flow. As
the collector-emitter current flow increases it causes more internal heat-
ing of the transistor. The extra heat increases base-emitter currept
which increases collector-emitter current again producing more heat.

Once started, this procesg,»qglled thermal ruraway, continues until
Thermal runaway cah be prevented by the

the transistor destroys itself.
addition of a stabilizing resistor, called an emftter resistor, between

a transistor's emitter and ground as shown in Figure 8.

o«

NPN Transistor Circuit with Emitter Resistor

T T ———

-

Figure 8
Emitter resistor R3 has a large resistance as compared to the resistance
of the base-emitter., Now, the base-emitter resistance is only a smali
percentage of the total base-emitter circuit resistance. |f base-emitter
resistance decreases from heat there will be practically no change in

LI
—— e e,

base~emitter current flow.
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However, the emitter resistor causes degeneration {reduced slgnal ampli-
fication) as the signal developed acrosstit is in _phase with the input
signal reducing dynamic bias. To prevent degeneradtion, an emitter by-pass
capacitor {C1 in Figure 9) is added to shunt (by-pass) the degenerating
3jgnal voltage to ground without effecting the static bias voltégq.

NPN Transistor Circuit with Emitter Resistor and Emitter By~Pass Capacitor
Figure 9

There is one otier cuuse of thermal runaway which does not always occur
as it 3> dependent on circuit design and application.

In some circuits it is posslble for the transistor's base to build up
a charge, positive for NPN and negative for PNP. In either case, the
charge increases the transistor's forward bias. An increase In for-
ward bias increases transistor conduction producing internal heating.
The extra heat will further increase the charge again increasing for-
ward bias and producing more heat from conduction. This cycle contin-
ves and we again have thermal runaway. To prevent this type of thermal
runaway @ resistor is placed between the traniistor's base and ground
to bleed off the charge as it forms. The resistor s shown as R3 in
Figure 10.
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-

Figure 10

R3 will bleed off the charge that forms on Ql's base with very little
effect on the base bias voltage, stabitizing the transistor,

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF=TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

TF YOU TNCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER-PAGE WiLL REFER YOQU TQ THE APPROPRIATE PAGES,
.PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS .

LESSON YOU ARE HAVING DIFFICULTY WITH. 1F.YOU FEEL THYAT YOU HAVE

FATLED TO UNDERSTAND ALL, OR MGST, OF THE LESSON, SELECT AND USE ANOTHER
WRITTEN MEDI1UM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (1IF APPLICABLE),
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL
SELF-TEST [TEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRAMMED 1HSTRUCTION
LESSON 11

Transistor Biasling

TEST FRAMES ARE FRAMES 3, 6, 12, 15 AND 19, GO FIRST TO TEST FRAME 3
AND SEE !F YOU CAN ANSWER THE QUESTION. roLLOW THE DIRECTIONS GIVEN
AFTER THE TEST FRAME.

1. “ou know that transistors are amplifying devices! You also know
there are two types (NPN and PNP). what you don't know are the various
conditions necessary to make the transistor operate. Well, one of
these conditions is called Static Bias. Static bias is deflned as the
D.C. potentials at,the collector and base with respect to the emitter
that are necessary to establish a transistor's conduction level.

‘ Static bias may besdefined as:

a. The A.C. potentials on the base and emitter leads that set the
propar amount of conduction prlor to tke injection of a signal.

b. The A.C. potential on each lead that sets the pr- er amount of
conduction prior to the injection of a signal.

c. The D.C. potentials at the collector and base with respect

to the emitter necessary to establish a transistor's conduction
level. :

d. The D.C. potentlal! on each lead that sets the proper amount of
resistance after a slgnal has been applied.

W m w W m w W W e E m om W W m o e w w W o o om m e m om m w w W e e e

c. The D.C. potentials at the collector and base with respect to the
emitter necessary to establish a transistor's conduction level.

2. We can start our discussion of bias by looking at static bias voltages
and polarities for transistor conduction.
Y .

Taink of the transistor's emitter as being a reference point. In an NPN
transistor biased for conduction, the base will be more positive than the

emitter, and the coilector will be more positive than the base and the
" emitter. This is shown in Figure 1.

+13v

- 4+8aY -0.9v < +258 .1V
40.8Y +B.5V, -ML@ +z&o.o\;@
-I-‘.w _ov . +250V

Figure 1
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These transistors are forward biased (conducting).

The type of transistor.shown in Figure | has thes= voltage requirements;
the collector is 8.1 volts more positive than the emitter, the base is
.6 voits more positive than the emitter. As you can see from Figure 1,
many different voltages and polarities can meet this transistor's volitage -
requi rements. -

tn an HFN transistor biased for conduction the emitter wiil have the
{most/least) positive potential applied to it.

- - - - o e mp o e o mp e e mp e om omE e e R e om o Se o e o m w w -

jeast

3. TEST FRAME

Which of the following trancistors has the correct static bias potentials
applied for conduction?

d. c.
+2v +12v
+10V -2y .
+3v "'1.5'
b. d.
+8v ' -10v
+3.5¢_ - -5V
+28v

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER AT
THE TOP OF THE NEXT PAGE.)
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b‘

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 6.
OTHERWISE, GO BACK TO .FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE

TAKING TEST FRAME 3 AGAIN. )

L. The voltages on the transistor's leads are measured with respect to
ground. However, to determine the static bias voltage and polarity you
must subtract the voltage on one lead from the voltags on the other
fead. For example: '

*Veollector = +13V +4.9y
Vbase = +5,5¢ +5.5v

N
Vemi tter = +4,9V > +13v

= Ybase - Vemitter
= +5.5v - {+4,9V)
= +,6V

Base-Emitter static bias voltage (Vbe)

3

Vcollector -~ Vemitter
+13V - (+4,9v)
+8.3¢

Collector to Emitter static bias voltage (Vce)
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To obtain the correct polarity of the static bias voltage you must remem-

ber to always subtract the emitter voltage from the base or collector
voltage.

For the following transistor the static bias voltages are; Base-Emitter

(Vbe) = , Collector-Emitter {Vce) =
-2V
~1.3V
+3.2 .

- e mr o m m m m Er mm m Er o o o Er o o o o o o W o e Er e o o o e o e wm m w m

+.7V, +5.2V {in that order)
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5. In the previous lesson you learned that the current flow in a PNP
transistor is the reverse of that in the NPN transistor. This requires
that”opposite polarlties of static bias voltages be applied to the PNP's
leads. This is shown in Figure 2.

-8.v S +0.9v 2881V
-0.8v, -5.5v. +s.¢y_@ -zso.o@
4.9V "oV 250V
=

Figure 2

Aga;erﬁ” use the emitter 3s a reference point. 1n a PNP transistor biased
for conduction, the base will be more negative than the emitter and the
collector will be more negative than the base and the emitter.

The type of translstor shown in Figure 2 has these voltage requirements;
collector 8.1 volts more negative than the emitter, the base is .6 volts
more negative than the emitter. Again, many different voltages and
polarities can meet this transistor's voltage requirements.

In a PNP transistor correctly biased fér conduction the emitter will
have the {most/least) negative potential applied to it.

- m g S Er e e e o o ar o e ar aw e e e o e W o ar W m e ar ar ar o e o
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6. TEST FRAME

Which of the fcllowing PNP transistors will conduct with the given static
bias voltages?

a. c.
-2v +10v
-4v | +1V
Q -
-SV
t d
-8v -13v
=35 +5.5
-2.8v -4.9v

P A T R I e T R . T R Y

(THIS 1S A TEST FRAME. CQMPARE YOUR ANSWER WITH THE CORRECT ANSWER AT
THE TOP OF THE NEXT PAGE. ) .
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b.

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 2.
OTHERWISE, GO BACK TO FRAME 4 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 6 AGAIN.

7. Measuring the voltage potential on any lead of a PNP transistor is
done the same way as with the NPN transistor; from the transistor's lead
to ground. Also to detéfmine a static bias voltage for a PNP transistor
you subtract one lead voltage from another. ™ For .xample:

-

Vcollector = -13V -13v
Vbase = -5.5V =8.5y
Vemitter = -4.9V —4.9v ,

&

Vbase - Vemitter

-5.5Y = {(-4,9v)

-5.5v + 4, 9v

-.6V ) .

Base-Emitter static bias voltage {Vbe)

W nnon

Collector:Emitter static bias voltage {Vce) = Vcollector - Vemitter
-13v - (~4.9V)

= - 13V +4.9V

= -8.1V

H

To insure the proper polarity of Vbe or Vce you must remember to always
subtract the emitter voltage from the base or collector voltag__exactly
as you did with the NPN transistor.

For the foliowing transistor the static bias voltages are;
Base-Emiftter (Vbe) = , Collector-Emitter (Vce) = .

-6.2v
-1.7v

- o W o Mmoo m wm om owm owm wm Mmoo M wm s wm M m wm wm oW o owm wm wm b m wm W o o owm
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Vbe = -,7V, Vce = -5,2V

8. Notice that for both the NPN and PNP transistors current flows against
the arrow the same as was true for a diode. Current will flow from the
emitter to the collector and the base in the NPN transistor. See Figure 3.

+2v -

NPN Transistor Current

Figure 3
“Current flows from the collector and the base to the emitter in the PNP
transistor. See Figure 4,

" PNP Traésistor Current
Figure 4

Because of translstor construction, current will not flow from basa’ to
collector or collector to base. The majorlty of the current flows in
the emitter-collector circult with a small amount of current in the
base-emitter circuit.
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The emitter current in either the NPN or PNP transistor s the

a. collector current minus the base current. .
b. base current.

¢c. collector current plus the base current.

d. collector current.

¢. collector current plus the -base current.

9. We have been discussing static bias voltages and polarities. Now

let's look at the translstor in 2 circult to sée where the voltages
are actually coming from. See Flgure 5. .

L. NPN Transistor Circuit
Figure §

The-voltage applied to the colliectoir-emitter circult comes from the +10
volt source voltage tivrough R2., The voltage at the basc-emitter /s a
littte more involved,

Ri and the base“emitter form a voltage divider. Current Vlows from
ground through Ql's baie-emitter, ‘through Rl to the supply voltage,
called “Vec!', or in this case, +10 volts. The emitter-base has a certain
amount of fixed resistance which will develop a voitage drop. "This
voltage is dependent on the supply voltage and the amount of curren*

Rl aliows to flow. Therefnre, by choosing different values of supply
voltage and Rl, we car; set different values of static blas voltage on

the base of Qi. Normally Rl !s used to set Ql's hase voltage as one
supply voltage i< suppiving a rumber of circuits.

fn the zircuit In Figure 6, as R!': reslstance is increased the emitter~
- base current (Increases/decreas.*) which causes the base static blas
: vol tage to (inciease/decriase}.

e
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ouTPuT

decreases,decrcase {in that order)

-

\\\ 10. Without a way to control the current flow through a transistosy, the
transistor would be @ useless devlice. However, we do control current
flow with the transistor's base. '

The base of a transistor can be compared to the vaive on a water pipe.
TQf base controls electron flow in the collector-emitter clrcuit just
as\fhe valve controls the flow of water In & pipe. Because of tran-
sistor construction, the base requires only a very small voltage, a
few tenths of a volt on the basevemitter to control ¢ollector-emitter
conduction. An Increase In positive (or decrease in negative) voltage
on the base of an NPN transistor increases the collector-emitter con-
duction. . A decrease in positive (or Increase in negative) voltage will
decrease conduction. P

&
The same 1s true of the PNP transistor, only the voltage polarities -
are reversed. An increase In negative (or decrease in positive) on the
base of a PNP transistor increases the collector-emitter conduction. A
decrease In negative (or Increase In positive) voltage will decrease
conduction.

In other words, for either transistor type, .increasing the forward

blas on the base~emitter will increase collector-emitter conduction.

A decrease In forward bias on the basc-emltter will decrease collector-
emitter conduction.

ol
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Which lead has the most control of electron flow for a three element
transistor?

a. Collector

b. Emitter
¢. Basz
¢. Base

11. Take a look at Figure 7,

NPN Transistor Circuit with lngyt Signal
Figure 7

The collector is biased at +10 volts, the base ls static biased at 0.3
volts, and the emitter is at ground potential. The siné€ wave applied
to the base has a 0.3- volt peak-to-peak amplitude,

The sine wave begins:its positive swing. When the sine wave reaches

its peak, the potential on the base will be +0.45 volts. This new

bias potential is termed Dynamic Bias. Dynamic bias is the bias vol- -
tage on the base of a transistor with a signal applied and-will be a
combination of the static bias voltage and the Input signal. This
voltage will change with the input signal. .

‘ At the peak positi+e swing of the input signal the base will be more
positive with respect to grcund and the emitter, which causes an in-
crease in transistor conductivity. When transistor conductivity in-
creases its emitter~collector resistance decreases causing a decrease
in the voltage dropped across the transistor, The increase in con-
duction will tncrease the voltage drop across R2.

% 52
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What dynamic blas potential will be on the base when the sine wave

reaches its peak negative variation? y
o
0.3vpp -- 0.3vDC

a. ~0.45 yOC
b, +0.15 VvDbC
c. =0.15VdC
d. 06.00 VDC

- e w am m m m W o W m s m s om W ™ o o w m ogm M M m m m m e W s m s s = om o=

b. +0.15 VDC

12. TEST FRAME

Which statement best describes the action on an NPN -trznsistor when the
input sine wave reaches its peak negative vaciation?

a. Conductivity has decreased and voitage across the transistor has
decreased.

b. Conductivity has increased and voltage across the transistor has
increased. °

¢. Conductivity has decr=ased and voltage across the transistor

has increased. . -

d. Condrctivity has increased and voliage across the transistor

has -decreased. p

- m e am W m m m m m m m om om M m om m om M ar om W e W m om N oam m om ™ o o Mo

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER AT
THE TOP OF THE NEXT PAGE.)
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¢. Voltage across the transistor has increased and conductivity has de-
creased, .

IF QOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 15.
' OTHERWISE, GO BACK TO FRAME 7 AND TAKE THE PROGRAMMEDL SEQUENCE BEFORE
TAKING TEST FRAME 12 AGAIN,

13. The conductivity of the NPN transistor increases on the positive
variation. With this signal in, ’

No, it's not magic! |It's amplification and inversion. Let's take a
closer look at what's happening to the signal. See Figure 8.

' ) Figure 8

At Time | the sine wave starts to increase, causing the potential
on the base to increase, which causes transistor conduction te
increase, and the voltage across the transistor to decrease.

54
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\“ ‘
INPUT 1/ “\‘s /5 OUTPUT 4 ;’s 's
\/

q
. 2
Figure 9

tn Figure 9, at Time 2 the sine wave has reached its peak positivs
variation and transistor conduction is maximum, but voltage across

the transistor is minimum,

From Time 2 to Time 4 in Figure 10, the sine wave is going from its
peak positive variation to its peak negative variation (or from

+0.45 V to +0.15 V).

' .
/A
2 / \

/ 1
INPUT ,/\, " OUTPUT ‘\/3 ‘s

L
\"
L)

§ 7
Figure 10

The transistor will go from maximum conduction to minimum conduction
(at Time 4) and the voltage across the transistor will go from minimum
at the positive peak to maximum at the negative peak (Time 4), witk the

waveform in.Figure 11 at the output.

INPUT OUTPUT

Figure 11

180° phase. reversed will always occur when the output is taken {rom the
collector with the input applied to the base regardless of which type of

" transistor is used. .

oy
ot
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-

At Time 5 the sine wave has completed its cycle (Figure 12),

' 4
2

{NPUT 1/\/5 ouTPUT 1\/3/\5

. 4
b 2

Figure 12

and the slgnal at the output has been amplified and Inverted (Figure 13).
. .

Flgure i3

Tn Flgure 14, the sine wave Is being injected on the base of an NPN
transistor. At Time 4 the transistor's:

a. Conduction is max!mum.
b. ‘Conduction is minimum.
¢. Conduction Is Tncreasing.
d. conduction is decreasing.’

b. Conduction is minimum. .

4. The relatively high voltage supplied for the collector is referred to

as "Vec"'. Vee 1s an abbreviation for coliector supply voltage. HNo matter -

how much the transistor amplifies a signal, the 'p-p' output cannot exceed

the value of Vec. In other words, if Vec is +10 volts or -10 volts (de-

pending on the type of transistor) the largest signai you can have at the

collector is 10 volts peak-to-peak. The transistor can amplify but it
_cannot create ent.¢ voltage.

o6
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TRUE or ‘FALSE : R

With an 8V Vcc the maximum output voltage of a transistor ampiifier is
N6V PP,

FALSE: The peak-to-pezsk ocutput can NOT exceed Vec. -

15. TEST FRAME

Which of the following illustrations is correct?

INPET ERWALS O Gm/\/
1 ¥

a. b.
10y

Ry
fiy I
10wpp
-0.0v 0
c. d.
+10y
] }
BAVARK

+0.3v o

- W e e e o e o S e e e e SR ek mE mE mE mm g mE ae W o . . -

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN
AT THE TOP OF THE NEXT PAGE.)

S
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b. . s

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME
OTHERWISE, GO BACK TO FRAME 13 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 15 AGAIN.

16. Transistors are ruqged devices, but there is one thing that will

easily destroy them...heat. For this reason transistorized equibment

will usually be located in air conditioned spaces. However, the tran-
sistor itself can create conditions that will cause it to overheat.

A transistor is actually a current control device. A small current
flow in_the base-emitter-circuit controls’ a large current flow in the
colliector-emitter circuit. {The reason we use bias voltage readings
is that voltage is more convenient to measure than current.) [Increas-
.ing base-emitter currerc wil'! increase collector-emitter current.
Likewise, a decrease in base-emitter current will decrease collector-
emitter current. This is true for both NPN and PNP transistors. When
fixed base bias is used, as-shown in Figure 15, the only control over
static current flow in the base-emitter circuit is junction resistance
and RI'S resistance.

+10v

Ry

Fixel Base Bias Circuit
Cigure 15

R1's resistance is a fixed value and will not changs. However, one
property of a transistor is that when it exceeds a certain temperature,
base-emntter resistance begins to decrease. This allows more current
to flow through the base-emitter which would increase conduction in
the colliector-emitter circuit. An increase in current through the
transistor ircreases the amount of heat produced internally The
higher heat further reduces the base-emitter resistance ‘increasing

transistor conduction and again producing more heat. Once started,
procosc, colleod thermz! runaway, continces onti) the transistor

I.ln.:v F s wr g

destroys itself.

19
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There are a few methods of stopping thermal runaway, the most common
rethod being a stabilizing resistor, calied an emitter resistor, placed

between the emitter and ground, as shown in fFigure 16.
+10v

NPN Transistor Circuit with Emitter Resistof
Figure 16

R3 is placed between ground and the emitter. |Its resistance will be
large as compared to the base-emitter resistance. Now if the base-
emitter resistance decreases from heat, there will be practically no
change in current flow as base-emitter resistance has become only a
small percentage of the total base-emitter circuit resistance. Ffor
example, 3 transistor has a base-emitter resistance of 10Q and an )
emitter resistor of 1000R. With a base bias voltage of .5 velts the

base-emitter current wiil be 6?59 « .4950ma.
If base-emitter resistance decreases to 9Q from heating up,'base—
emitter current increases to . BV -

10093 -4955 ma.

The increase in base-emitter current, .0005ma., will have no noticeable
effect on the transistor.

53
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The emitter resistor prevents thermal runaway by
a. decreasing the base-emitter resistance.
b. causing the base-emitter resistance to become a large
percentage of the total base-emitter circuit resistance.
c. .increasing the base-emitter resistance.
d. causing the base-emitter resistance to0 becume only a
small percentage of the total base-emiiter circuit resistance.

1

d. causing the base-emitter resistance to- become oniy a small
percentage of the total base-emitter circuit resistance.

17. The emitter resistor h;ips cure thermal runaway, but creates a
problem. Refer to Figure 17.

LA

Degenerating Signal on Emitter Resistor
Figure,lf

When a signal is applied to the transistor's base an In~phase version

of the Tnput signal is' developed across-R3, the emitter resistor. This
stgnal causes Ql's emitter vol tage to vary in-phase with the input signal.
Since a transistor must have a difference In potential between base and
emi tter to change its collector-emitter conduction and the emitter voltage
Is now varying by almost the same amount and in-phase with the input
signal, the potential difference is reduced. This causes degeneration

{a reduction in amplification). This Is an undesirable effect, but is
curable. Take a look at Figure 18.

o 60




) Twenty One-11

N

NPN Transistor Circuit with Emitter Resistor and Emitter By-Pass Capacitor
- Figure 18

A capacitor has been added to the circuit. It is commonly cailed

an emitter by-pass capacitor. While it has no effect on static bias
conditions, it shunts (or by-passes) to ground the signal variations
that wouid have been developed across the emitter resistor and prevents
degeneration,

The emitter by-pass capacitor's function §s to .

Shunt signal variations around the emitter resistor to ground to prevent
degeneration while allowing the emitter resistor to prevent thermal runa-
way. (Or words to that effect)

55 6]
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18. There is one other cause of thermsl runaway that does not always
occur as it is dependent on circuit design. In some circuits it is
possible for the transistor’s base to build up a charge. This charge
is positive in an NPN transistor and nedative in a PNP transistor.

In either case {NPN or PNP) forward bias is increased by this charge.
When forward bias increases, transistor conduction increases. Heat
is produced by the increased conduction which increases the charge on
the base, increasing forward bias even more. This cycle continues
until the transistor is destroyed by heat. Thermal runaway has again
occured. To bleed off this charge as it forms, a resistor is placed
between the transistor's base and ground, as is shown in Figure 19,

Figure 19

R3 will bleed off the excess charge with very little effect on the‘static\
base bias voltage, again stabilizing the transistor.

A resistor placed between a transistor's base and ground {can/can not)
help prevent thermal runaway.

can
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15. .TEST FRAME

Referring go Figure 20, match the function In column B to its component
in column A. (Choices from column B may be used more than once.)

Column A Column B

1. R3 a. prevents thermal runaway
2. ¢l b. prevents degeneration

3. R4

1. b; 2. a; 3. b

1. a; 2. b; 3. b

i.b; 2. a; 3. a

1. a; 2. b; 3. a

Flgure 20

(TH!S 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER
AT THE TOP OF THE NEXT PAGE.)
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d. 1. a; 2. b; 3. a

IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU HAVE COMPLETED THE
PROGRAMMED INSTRUCTION FOR LESSON il MODULE TWENTY rNE. OTHERWISE,
GO BACK TO FRAME 16 AND TAKE THE PROGRAMMEO SEQUENCE BEFORE TAKING

TEST FRAME 19 AGAIN.

AT THIS POINT, YOU MAY TAKE THE LeSSON PROGRESS CHECK. iF YOU

ANSWER ALL SELF~TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU ENCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WiLL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE

FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE),
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL

SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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NARRATIVE
LESSON 11

Transistor Biasing

You know that there are two types of transistors (NPN and PNP) and that
both typzs can amplify signals. However, just as a car will not function
properly unless a ceitain set of conditions is met, a transistor witll not
function properly unless its set of conditions is met. The majority of
the transistor's operating conditions come under the heading of Static
Bias.

Static bias is deflned as the DC potentials at the -collector and base
with respect to the emitter necessary to &tablish a transistor's con-
duction tevel.

You must remember to think of the transistor's emltter as & reference
point. In an NPN transistor biased for conduction, the base will be
more positive than the emitter, and the collector will be more positive
than the base and emitter. This is shown in Figure 1.

8.4V +H13V -0V +288.4V
+0.8V +s.sv@ -3.4@ +250 av@
SOV
-9V 280V
Figure |

The transistor shown in Figure 1 has these voitage requirements; the
coilector is 8.1 volts more positive than the emitter, the base is .6
volts more positivé than the emitter. As you can see from Figure i,
many different voltages and polarities can meet this transistor's vol-
tage requirements.

The direction ©f current fiow in a PNP transistor is the reverse of the
NPN's current flow. Thus, in the PNP transistor, biased for conduction,
the base will be more negative than the emitter, and the collector wili
be more negative than the base and emitter, as shown in Figure 2.

-250.3¥

13V +0.9V .
-84y +B4 -250.8¥
\jj- .49V 1oV

Figure 2
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In Figure 2, again using the emitter as a reference point, the transls-
tor's voltage requirements are; the base Is .6 volts more negative than
the enitter, the collector is 8.1 volts more negative than the emitter.
Again, these voltage requirements were met with a number of different

voltages and polarities.

Which of the following transistors have the correct static bias poten-
tials applied for conduction? (There may be more than one correct cholce.)

- a. . d. * -
-8y 10v
-dy +0.5v
-3y -2.5v
* '
b. e.
] +Hy
"3.9\“ -1v -
-4 .5y : 2
+1.5v
-12v
C. f.
+30.2v
-8v
-3.5v +257
-2 By +28vy
GCey Fu
b4




Marrative

Twenty One-1]

The voltagec present on each of the transistor's leads are usually meas-

ured and shown on a schematic using ground as a reference. However, the

actual static bias voltage that establishes the transistor's conduction

level is the voltage on the base and collector with the emitter used as a
reference. These voltages appear across pairs of a transistor's elements,
base-emitter being une pair and collector-emitter being the other pair.

The collector-emitter static bias voltage (Vce) and base-emitter static

bias voltage (Vbe) are found by subtracting the emitter voltage from

the collector voltage for Vce, or the base voltage for Vbe. See Figure 3. -

Veollector = -13V

~13v
Vbase = -5.5V

~5.5v
Vemitter = -4 9V _ -

Base-Emi tter static bias vol tage (Vbe)} = Vbase - Vemitter
= =55y - {4, 9v)
= ~5, 5V + 4.9¢
= - 6V

Collector-Emitter static bias voltage (Vce) = Veollector - Vemitter

= =13V - (-4.9V)

= ~13V + 4, 9y

= =81y

Figuring Vbe and Vce Ffor PHP Transistors
Figure 3
Regardiess of the type of transistor (NPN or PNP}, the correct polarities

and voltages of the static bias are obtained by subtracting the emitter
voltage from the base or coliector voltage,
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‘Referring to Figure 4, the static bias voltages are: Base-Emitter

(Vbe) = , Co'lector-Emitter (Vce) = R
: ‘ +2.2v
‘ -2.3y
. ~3v

.*‘ L
\\ Figure 4

"4V, #5.2V (In that order.) .

- .

Current flow in both the PNP and NPN transistors is against the arrows
as shown in Figure 5.

-

PNP - NPH
Transistor Current Flow
Figure 5

Notice that in both cases the emitter current is the combination of the
base and collector currents. The majority of the current flow will be
in the emitter-collector circult with a small current flow in the base-
emitter circuit., Because of transistor construction there will be no
current fiow between the base and collector.
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By now you may be wondering where the transistor's operating vol tages
are coming from. Take a look at Figure 6,

NPN Transistor Circuit

Flgure 6

The voltage applied to collector-emitter comes from the +10 volt supply
thiough R2, The vol tage on‘Bpse-emitter is a little more invoived.

Rl and base-emitier form a voltage divider. Current flows from ground
through Qi's base-emitter, throujh Rl to the supply voltage, called "Vec",
which in this case is +10 volts, The base-emitter has a certaln fixed
resistance which develope a voltage drop. The amount of voltage dropped
will be dependent on the supply voltage and the amount of current RI
allows to flow. The supply voltage is not normally varied to change the
static bias voltage on the transistor's base as it ls usually a flxed
value. However, by choosing different values of Rl we can easlly set

dl fferent values of static k' s voltage on the base of Ql,

Referring to Figure 7, as Rl's resistance is decreased the base-emitter
current (increases/decreases) which (increases/decreases) the base statis
bias vol tage.
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increases, increases

The base-emitter static bias voltage (Vbe) is an important para~ *
meter. Th!s is because the transistor's base is its control lead. The
base can be compared to the valve on a water pipe. The valve controls
the flc. of water through the pipe. The base controls the flow of elec-
trons through the collector-emitter circuit, The amount of collector-
emitter current the base allows to flow is determined by the voltaga on
the base with respect to the emitter. Because of transistor construction,
the base requires only a very small voltage, a few tenths of a volt on
base-emitter to control rollector-emitter conduction.

Let's look at an NPN transistor which is biased for conduction and inject
a sine wave at the base. See Figure 8.

+1.2v0p

NPN Transistor Circuit with Inout Signal
Figure 8

The sine wave Injected at the base of the transistor will cause the tran-
sistor's conductivity to increase and decrease. The transistor's conduc-
tivity will increase during the positive excursion of the sine wave and
decrease during tihe negative excursion.

Take a look at Figure 8. The collector supply is +10 volts DC. The
base is +0.6 volts DC and the emitter is at ground (reference).

A 1.2 volt peak-to-peak sine wave is being applied to the base. When
the sine wave reaches its maximum positive swing the potential on the
base will be +1.2 volts 0C as shown in the following illustration.

This new base bias potential is Dynamic Bias. Oynamic bias is the bias
voltage on the base of a transistor with a signal applied and is a com-
binstion of the input signal and the stacic bias voitage, This voitage
will change with the input signal.
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Transistor conductivity is maximum but the voltags across the tran-
sistor, collector to emitter, is minimum {the load resistor R2 will drop
most of the voltage}). On the oscilloscope you will see this input at

the base

+1.2Ve = -,

+0.6v _

40,0V o = =

and this output at the collector.

+H10v- == - = o,

Ov—~-

Magic? No! The oscii .cops shows onl¥ voltage and since the voitage

across the transistor is decreasing you'll see a negative-going, amp-
lified (larger) output ax the co!lector.

On the negative swing of the input 3ine wave the opposite occurs. At .
the peak of the negative swing, the input voltage goes down to 0.0 volts
which causes the conductivity of the transistor to decrease and the volt-
age across the transistor to increase. Agein, we only see voltage on

an oscilloscope so the negative ior less positive) variation will cause
an amplified, positive-going output at the collector.

This 180“ phase reversal will always occur wher the catput is taken
from the collector with the input applied to the ba<: regardless of
whether the transistor is NPN or PMP.
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You know that transistors are current amplifying devices. You also
know the conditions necessary to properly bias the transistor. The
relatively high voltage supplied for the collector is referred to as
Vee (collector supply voltage). HNo matter how much the transistor
amplifies a signal, the peak-to-peak output cannot exceed the value

of Vcc. In other words, If Vcc is +10 volts or -10 volts, depending
on the type of transistor used, the largest signal you can have at the
coliector is 10 volts peak~to-peak. The transistor can amplify, but
It cannot create extra voltage. See Figure 9.

NPN Transistor Circuit with {nput and Outnut Signals

Figure 9

Which one of the following illustrations is correct?

a.




Mepension Teipmembge Nmn_ 1)
LI - o L) LR L

Transistors are rugged, but there is one thing that can easily destroy
them... heat. Transistorized equipment will vsually be located in an
air conditioned space which will help minimize heat-related problems.
However, the transistor itself can create conditions that will cause it
to overheat. ’

Al though we use voltage readings for bias measurement (voitage being much
easier to measure than current} 1t is current that controls the transistor's
conduction. A small current flow through base-emitter controls a large
current flow in the collector-emitter circuit. [ncreasing base-emitter
currant increases collector-emitter current. Decreasing base-emitter
current decreases collector-emitter current. This is true for both NPN

and PNP transistors. With the type of-circuit we have been discussing,
called a fixed bias amplifier, see Figure 10, the only control over static
current flow in the base-emitter circuit is the base-emitter resistance

and R1's resistance.

uTPYY

Figure 10

Rl's resistance is fixed, but Ql's base-emitter resistance will begin to
decrease when the base-emitter exceeds a certain temperature limit. This
allows more current to flow through the base~emitter, increasing collec~
tor-emitter cur.ent flow. The increase in collector-emitter current pro-
duces more internal heating of *he transistor. The increase in heat in-
creases conduction which produces even more heat. 9nce started, this
process, called thermal runaway, continues unti) the transistor destroys
itself,

.\I
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One common method of stabilizing the transistor against thermal runaway
is by placing a resistor, called an emitter res|stor, between a transistor’s
eml tter and ground, as shown In Figure }Il,

NPK Transistor Circuit with Emitter Resistor
Figure 11

R3, the emitter resistor, has a large resistance as compared to the base-
emitter resistance. Now, the base-emitter resistance is only a small
percentage of the total base-emitter circuit resistance. |f the base-
emitter resistance decreases from heat there will be practically no change
in junccion current flow and thermal runaway will not occur. For exampie,
a transistor has a base-emitter resistance of 10 2 and an emitter resi:tor
of 10000. Wlith a base bias voltage of .5V the base-emitter current will he

Gvolts
—iglog - +4950 me.

I f base-emitter resistance decreases to 99 from heating up, base-emitter
current increases to

LSl gss

The increase in base-emitcer curraent, .0005 ma., wlll have no . oticeable
effect on transistor conduction, and the transistor is stabilized
against thermal runaway.




Herraiive Twenly

The emitter resistor helps cure thermal runaway, but causes another
problcm. Refer to Figure 12,

Degenerating Signal Developed by Emitter Resistor

Figure 12
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When a signal is applied to Ql's base an in-phase version of the input
signal is developed across R3, the emitter resistor. This signal causes
Q1's emitter voitage to vary in-phase with the input signal. Since a
transistor must have a difference in potential between base and emitter
to change its coflector-emitter conduction and the emitter voltage is

now varying by almost the same amount and in-phase with the input signal,
the potential difference is reduced. This causes degeneration ( are-
duction in amplification). This effect is undesirable, but curable.

Take a look at Figure 13.

NPN Transistor Circuit with Emitter Resistor and Emitter By-Pass (Capacitor
Figure 13

A capacitor, commonly called an emitter by-pass capacitor, has been
added. While it has no effect on static bias conditions, it shunts
(by-passes) any signals developed across the emitter resistor to ground
thereby preventing degeneration.

We have discussed one cause of thermal runaway and how it is cured.
There Is one other cause of thermal runawa, which does not always occur
as it depends on circuit design and usage¢.
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In some circuits it is possible for the transistor's base to buifd up a
charge, positive for NPN and negative for PNP. In either case {NPN or
PNP) this charge increases the transistor's forward bias. When forward
bias increases, transistor conduction increases. This increased conduc=
tion produces heat which increases the charge even more. This cycle
continues and we agein have thermal runaway. To bleed off this charge
as it forms, a resistor is placed between the transistor's base and
ground. See Figure 14. ’

Figure 14

R3 will bleed off the charge that forms on the base of Ql with very
little effect on the base hias voltage, stabilizing the transistor.
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Referring to FiguCe 15, R3 and R4 prevent and Cl prevents

kol

thermal runaway, degeneration {in that order!

AT THiS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST {TEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,

THE CORRECT ANSWER PAGE wilLL REFER YOU TO THE APPROPRIATE PAGES,

PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS-OF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH. |IF YOu FEEL THAT YOU HAVE

FAILED TO 'UNDERSTAND AL%, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER
cT

WRITTEN MEDIUM OF INSTROCTION, AUDIO/VISUAL MATERIALS (IF APPL ICABLE),
OR CONSULTATION WiTH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL

SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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Overview

OVERVIEW
LESSON {11

Basic Transistcr Amplifier Functional Apalysis

In this lesson you will learn.how various components, when assembled

together, form an amplifier circuit and what the function of this

amplifier is. The amplifier will be broken down into three stages:

input: conversion; and output. FEach stage will be discussed in terms v
of its function.

The learning objectives of this lesson are as follows: .
TERMINAL OBJECTIVE(S): C,

21.3.42 When the student completes this course, he will be able to
TROUBLESHOOT an audio amplifier training device, given the
required test equipment, schematic diagram, and a prefaulted
audio amplifier. Faults to be limited to open or shorted
conmponents; no more than one fault per problem. Remove/
replace a similar component on a practice card. 100%
accuracy is required.

ENABL ING OBJECTIVE(S):
When the student completes this lesson, he will.be abie to:

21.3.42.2 IDENTIFY and locate the input section components on the basic
audio amplifier training device, given a training cdevice, tech-
nical manual or schematic diagram, and the required equipment.

21.3.42.4  DEFINE the function of an amplifier by choosing the correct
statement from a list of four choices. 100% accuracy is
required.

21.3.42.4.1 DEFINE the functions of each section (input, conversion, and
output) of an audio frequency.amplifier by selecting all of
the correct statements for each from a list iicluding (1)
blocking D. C., (2) amplification, and {3) coupling. 100% .
accuracy is required.

21.3.42.5 DESCRIBE the major differences between R-C and transformer
coupling by selecting the correct statement when given four
statements comparing R-C and transformer coupling. Only one
statement is completely correct. 100% accuracy is required.

21.3.42.6  DETERMINE, using the gain formula, the current gain ratio of

an amplifier, given an amplifier's input and output current
value. 100% accuracy is required.
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21.3.42.9

Twenty One-111

OVERVIEW

LOCATE, physically and schematically, the output section and
test point{s) of an audio amplifier and MEASURE the output
signal voltage given an audio amplifier circuit or printed
circuit board, a technical manual or <chematic diagram, and
a multimeter or oscilfosc0pe. Locaté applicable test point:
with 100% accuracy and measure the output signal voltage
within + 10%.

LOCATE, physically. and schematically, the conversion and test
pOint(S) of a basic audio amplifier and MEASURE the output
signal voltage given an audio amplifier circuit or printed
circuit board, a technical manual or schematic diagram, and
a multimeter or oscilloscope. Locate all test points with
100% accuracy and measure the output signal voltage within

+ 10%.

LOCATE a faulty conversion section component in a basic audio
amplifier, given a technical manual {or sct matic}, a circuit
Or circuit board containing at least one amplifier stage,

a multimeter, signal generator, and an OSC|llosc0pe 100%
accuracy is required. -

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECT!VES AND
PREVIEW THE LIST OF STUDY RESQHRCES ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON 111

-

Basic Transist r Amplifier Functional Analysis

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the follow-
ing Study resources:

-
Written Lesson presentation in:

Module Booklet:

o
* Summary
Narrative

Student’s Guider

Job Program Twenty One=111 "Basic Transi<tor Amplifier Analysis"
s Progress Check

Enrichment Materialis):

Electronics Installation and Maintenance Book, Electronic Circuits,
NAVSHIPS 0967-000~0120, section 5
Basic Electronics, Vol. 1, NAVPERS 10087-C

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARMING
SUPERVISOR; HOWELER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED TQ
ACHIEVE LESSON QBJECTIVES., THE PROGRESS CHECK MAY BE TAKEN AT ANY TIiME.
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SUMMARY
LESSON 111

Basic Transistor Amplifier Functional Analysis

In transistorized equipment you will come across amplifiers. The function
of an amplifier is to amplif{y a signdl; that is, make it larger. Each ampli-
fier stage will have a certain amount of gain. The stage will provide a
specific amount of amplification for any input signal within the ampli-

fiers limits. Gain is the ratio of the amplitude of the output signal

to the amplitude of the input signal.

Amplifiers can bz bro’en down into three sections. Input, output, and
conversion. The input and output sections have the same function. They
couple the signal to and from the amplifier stage and also block D¢ from
the previous or following stage. Remember, capacitors and transformers
can couple AC while blocking DC. The conversion section is the heart of
the amplifier stage. In the single-ended type amplifier (one input and
one output), the conversion section is the transistor. A small signal
applied to the base of the transistor controls a larger current through
the transistor.

The symbol we use to represent an amplifer is a triangle, 2s shown in
Figure 1. '

COMMON AMPLIFIZR SYMBOL
Figure 1

Single-ended amplifiers connected in series are cajled cascade coupled.

That is, the output from one amplifier is connected to the input of the

next amplifier, and so on, until the desired signal strength is obtzined
to drive the final staye. .

CASCADED AMPLIFIERS
Figure 2
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There : two common types of (oupling: Resistive-Capacitive (RC) and
transformer. RC is the most common of the two types. The reason is
that RC coupling uses smaller components that cost less and have a wider
frequency response. RC couping is used for voitage amplifiers with low
power output. Trapsformer coupling is used extensively in high power
cascade coupling. Transformer coupling is accomplished through mutual
induction between primary and secondary windings

AT THIS POIANT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF you

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEEQ TO THE MNEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YQou TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS

LESSON YOU ARE HAYING DIFFICULTY WiTH. |F YOU FEEL THAT YOU HAVE

FAILED TO UNDERSTAND ALL, DR MOST, OF THE LESSON, SELECT AMU USE ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDID/VISUAL MATERIALS (IF APPLICABLE),
DR CDNSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL
SELF-TEST JTEMS ON THE PROGRESS CHECK CORRECTLY.
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NARRAT IVE
LESSON 111

Basic Transistor Amplifier Functional Analysis

Thiz lesson deals with amplification, the function of an amplifier in an
electronic circuit. Amplification is the process of making & signal larger.
In transistorized amplifiers, a small signal controls a relatively large
current through the transistor (see Figure 1),

Figure |

in your own words describe the action of an amplifier.

A small signal controls a large current through the trapsistor. (or
words to that ef fect)

A1) amplifiers have gain (the number of times the transistor will increase
the input signal). Most amplifiers are designed for either voltage or
current gain according to circuit requirements. For example, if the curr-
ent gain of a transistor iz 50, and the input signal has a change of 100
microamps (ua), the output would have a change of 5000 ua or 5 milliamps
(ma). The gain is thc ratio of output to input signals.

lout _ 5000ua

Current in = —
. Gain = 507 = “Tooua

= 50
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Most power aaplifiers are current gain ampllfiers. The voltage at the
output is low, but the current is large.

-

Amplifiers can be broken down into three sections. Input, output, and
conversion sections, as shown in Figure 2,

&

= 0UTPUT OF a1
INPUY OF Q1

COMVERSION

R2

= / BUTPUT OF @
INPUT OF Q1

CONVERSION

i

Figure 2

0
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The input section and ihe 96tput section are functionally similar. The
input section couples the signal from the preceding stade to the conver-
sion section of the amp}%%ier. It also prevents, or blocks, DC from the
previous stage from affecting this amplifie~. The output section couples
the amplifier signal ‘from the conversion sec.ion to the following ctage.
It atso blocks DC/between the amplifier and the following stage.

Match the proper function{s) to the section. (Some answers may require
more than one letter.)

1. Input a. Amplification
2. Converison b. Blocks DC tetween stages
3. . Couples signal

S S

/ ™
J1.b, ey 2. a5 3. b, ¢

there are\two methods of coupling commonly used in amplifiers. One is re-
sistive-capacitive (RC), and the other is transformer.

RC coupling is the most common of the two types (see Figure 3). The advan-
tages of RC coupling are small size of the components, low cost, and a
wider frequency response. RC coupling is used for voltage amplifiers

which have a low power output.
-}

RC COUPLING
Figure 3

Transformer coudling provides additional gain and greater power transier
capability between stages than RC coupling. It has a smaller freguency
response rerge than the RC network. Transformer coupling is accomplished
through mutual induction between primary and secondary windings ¢f inter-
stage transformers (see Ficure 4),
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TRANSFORMER—COUPL ING
Figure 4

Label the two types of coupling used with the following ampllfincrs,

a. b.

a. RC; b. Transiormer
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In nature, a cascade is a long stream of water flowing down a hill,
pausing every sc often at a ledge or pO“l sefore flowing to another
stage of its Journey.

It was probably the idea of the flow through the stages of amplification
‘that brought the term of t'eascaded amplifiers."

Cascaded amplifiers are arranged so that the output of one stage is fed
into the input of the next stage of amplification {Figure 5). This
allows us to get much more gain than we can get from a single stage.

CASCADED AMPLIFIERS
Figure § -

What happened to the block diagram we used to use? Why a triangle! This
is a conmon block symbol used to represent an amplifier, for it indicates
the direction of signal flow, as shown in Figure 6.

COMMON AMPLIFIER SYMBOL
Figure 6

To couple different stages of cascaded amplifiers, the output impedance
of one stage must be matched with the input impedance of the rext; other~
wise, there will be a definite loss of gain. A transistor amplifier
stage can have an input impedar, e of 1000 ohms and an output impedance
of -10,000 to 20,000 ohms. To match this hign output inpedance to the
lower input impedance of the next stage, a matched coupling device musc
be used so that the corversion stage gain will not be lost. Normaily,

a transformer will bz used for this purpose.

Tha conversion section is the heart of the amplifier. The simplest type
of amplifier s the single-ended vype; that is, an amplifier with ane
input and one output. In a single-endea transistor amplifier, the conver-
sion section is the transistur. A :imall sianal applied to the base of

the transistor controls a larger current through the transistor. . his

‘ts the principle of amplificatio~ and the function of the conversion
section,
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(1) Select the statement that best describes the function of the conversion
section. .

8. Removes the DC from the stage.

b. Increases the strength of the input signal.
c. Supplies DE to the outpui section.

d. Suppresses noise,

(2) which statement best describes the principle of amplifi.ation in a tran-
sicior amplifier?

. A small signal controls a large current flow.

. A small signal increases the DC output of a transistor amplifier.
. A large signal controls a small current flow tc produce a large
oltage output.

. The input DC level controls a large current.

a
b
c
v
d

Increases the strength c¢f the input signal.
A small signal controls a large current flow.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YCY

ANSWER ALL SELF-TEST ITENS CORRECTLY, PROCEED TO THE NEXT LE“SON.

IF YOU INCORRECTI'r ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS

LESTON YOU ARE HAVING DIFFICULTY WITH. If YOU FEEL THAT YOU HAVE

FAILED TO UNDERSTAND ALL, OR MOST, DF THE LESSG.., SELECT AND USE ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (1F APPLICABLE},
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL
SELF-TEST ITEMS ON THE "ROGRESS CHECK CORRECTLY.
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OVERY |EW
LESSON 1V

Basic Transistor Amplifiz:r Configurations

In this lesson you will learn to distinguish between the three basic
transistor amplifier configurations as shown in schematic representations.
You will also study the functivunal characteristics or each configuration.

The learning objectives of this lesson are as follows:
TERMINAL OBJECTIVE(S):

21.4.42 When the student completes this course he will be able to
TROUSLESHOOT an audio amplifier training device, given the
required test equipment, schematic diagram, ard 3 prefaul ted
audio ampllfier. Faults to be limited to open or shorted
components; no more than one fault per problem. Reuove/
replace 3 sImllar component on a practice card. 100%
accuracy is required.

ENABLING OBJECTIVE(S):
When the student completes this lesson. he wil) be zbie to:

21.4. 42,14 IDENTIFY the schematic symbol, phase :hift, and current gain
of the common base, common collector snd common emitter
transistor «configurations, given schematics of these config-
urations and a list of statements only one of which is correct.
1002 accuracy is required.

21.4.42.14.) OBSERVE the operation of the following transistor amplifiers,
common emitter, common collector, and zommon hase with regard
to gain characteristics, gain, and phase irverslon given a
training device, an oscilloscope, and & signai generator.

100% accuracy is required.

BEFDRE YOU START “AiS LESSON, READ THE LESSON LEARMNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON 1V

Basic T aasistor Amplifier Configurations

To learn the material in this lesson you have the option of choosing,
according to you: experience and preferences, any or all of the. follow-
ing study resources:

Written Leccon presentation in:
Module Booklet:

Summary
“rrative

Student's Guide:

Job Program Twenty Ore-iV "Transistor Amplifier Circuits"
Progress Check

Enrichment Material(s):
‘ +
)
Electronics Installation and Maintenance book, Electronic Circuits,
NAVSHIPS 0967-000-0120, section 5
Basic Electronics, Vol. 1, NAVPERS {0087-C

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED TO
ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT Ai'Y TIME.

87

“ 93 L

——
e




Summary . Twenty One-1V

SUMMARY
LESSG IV

Basic Transistor Amplifier Configurations
L]

Amplitiers, of one kind or «aother, will be encountered in practicaily
every piece of electronic equipment aboard ship. _ The three basic tran-
sistor amplifiers can be built by using WPN or PNP transistors.

Figure | is a '""Common Base' (CB) Amplifier.

COMION BASE AMPLIFIER
Figure 1

The NPU1 to the emitter 2nd OUTPUT from the collestor leaves the base as
the common elemeat. A high voltage g2in and low current gain makz the CB
amplifier an ideal current control device.
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Figure-2 is a "Common Collector' (CC} amplifier.

Ve

COMMON COLLECTOR &MPLIFIER
Figutre 2

The collector is the '"common'' element here since the input is to the base,
and the output is from the emitter. High input resistance and low output
resistance are the most important characteristics of this configuration
sincé CC amplifiers are used extensively as impedance matching devices.
The gain s slightly less than a 1:i ratio.
. - .
The schematic in Figure 3 is of a typical "Common Emitter' (CE} config-
uration. : .

COMMON EMITTER AMPLIFIER
Figure 3
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By observing the input and output sides of this amplifier, you can se=

. thav the emitter is the common element. Of the three types >f transis-
tor amplifiers discussed here, the CE configuration (with either the PNP
or NPN transistor} is by far the most commonly used in electronicc. A
medium voltage and current gain provides good amplification and little
distertion. The CE amplifier is the only one of the .hrce that provides
a 180° phase shift between the input and output. This condition will
exist in ali CE amplifiers whether an NPN or PNP transistor is used.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-~TEST ITEMS CORRECTLY, PROCEED TO THE MEXT LESSON.

[F YOU [NCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE ¥ILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVC

FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER
WRITTEN MED!UM OF JNSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE),
OR CONSULTATION UIIH LEARNING SUPERVISOR, UNTiL YOU CAN ANSWER ALL
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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NARRATIVE
LESSON 1V

Basic Transistor Amplifier Cor igurations

With the advent of transistors, miniaturization of electronic circuits
became practical. One of the first circuits ever miniaturized by using
transistors was a simple amplifier. Pocket sized radios became a reality
and since then, industry, as well as the military, has created a boom in
the field of miniaturized circuitry.

This lesson deals with amplifiers in their simplest configurations.
The transistors used in the amplifiers we are about to look at are
the three element type {NPN/PNP)} as previously discussed.

“Common Emitter' Amplifier {CE)

<

Up to this point we have been using common emitter (CE) ampiifiers for
explanaticon purposes. When we say common emitter we don't mean it is
the most common amplifier; the common emitter amplifier {with either the
PNP or NPN transistor) is the most commonly ysed circuit, bul comron
emitter amplifier means the emitter is comnon to both the input and out-
put. Take a look at the schematic in Figure 1.

coMMON EMITTER (CE)
Figure 1

So we can say that the lead that is neither an input nor an output is
the common lead.
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We know from Lesson |1 that we have phase inversion between the base and
collector of a commor emitter amplifier. This is one characteristic of
the common emitter amplifier. See Figuie 2.

PHASE INVERSION IN COMMON EMITTER AMPLIFIER
Figure 2

Let's quickly review common emitter amplifier operation here. At TO (in
Figure 1) the circuit is in a static condition; that is, there are no
signals present, only OC bias voltages. The base (ipput) measures -0.3%°
and the collector (output) has -iCJ DC on it. At time T] a sine wave is
applied to the base, and between times Tl and T2 the input voltage in-
creases {in a negative direction) from -0.3V to -0.6Vs This increasing
base volLage causes the transistor to conduct more heavily, and that,

in turn, ipcreases the voitage dropped across R2. At time T2 the ¢ollec~
tor voltage has been réduced to -1V as shown by the output waveform. The
signal inversion, then, occurs because the voltage across R2 must be
subtracted from Vcc to obtain the collector voltage.

From T2 to T4 the voltage at Ql's base decreases (foreward bias in de-
creasing), conduction decreases, the IR drop across R2 decreases, and
the output voltage rises to -19V at Th. Then frem T4 to TS the circuit
returns to its starting condition.

As you may have figured out by now, we also have cormon base (CB) ampli-
fiers and common collector (CC) amplifiers. '
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“"Common Collector" Amplifier (CC)

Let's take the common collector amplifiers nex:t. Take a look at Figure 3.

INPUT
DUTPUT

COMMON COLLECTOR AMPLIFIER
Figure 3

Rl and R? make up & vcltage divider to produce bias for Ql's base. R3
is & load resistor. Cl is called & decoupling capacitor and its job is
to keep the AC signals being amplified from appearing on the +Vcc supply
voltage.

D Y T Y Y
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s\
%

In a common collector amplifier, if we put an increasing positive signaﬁ§§@g§
in on the base of an NPN transistor we will increase conduction (reduce

the resistance) of the transistor (Figure ), so more voltage will be

dropped across the series resistor.

.

10V

JUTPUT !
¥ = el —
ov--3-- 1 -{-=F-TF

to ty t2 t3 tg tg

]

COMMON COLLECTOR AMPLIFIER WITH INPUT AMD OUTPUT SIGNALS
Figure &4

Since the output voltage is taken across this resistor, the output goes
more positive.

The input goes positive and the output goes positibe.

As we can see, we don't have phase inversion in a common collector ampli-
fier. The output at the emitter is always in phase with the input at the
base.

The CC amplifier is primarily used as an impedance matching device due

to its high input resistance and low output resistance. For examp le,
this type of amplifier may be used to drive a speaker directly (no trans-
former{. The common collector gives us a* low voliage gain (less than 1:1
ratio) and a high current gain. Figure 5 is a typical representation

of a CC amplifier input and output relationship.

IHP::'__-f\ I\ /—\—“——?IJTPIJT |
VAVZERY; -

Figure §

91'.1 ()
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7
“Common Base'' Amplifier (CB)

Now to common base amplifiers. Look at a basic common base Shplifier
(Figure 6). Notice that the input is applied to the emitter and the
output is taken from the collector. In order to establish the proper
bias for the transistor, this example uses a voltage divider (R3 and
R4) to hold the base negative with respect to the emitter. CI keeps
any AC signals being amplified from affecting the base bias by shunting
them to ground, thereby insuring the base has a non-changing negative
voltage on it.

~515yd-= =<
g ty ta i3

'
'
'
'
]
'
'
t
t

n

COMMON BASE AMPLIFIER
Figure 6
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Resistor R2, the transistcer, and R form a voltage divider between ground
and Vcc (Figure 7).

COMMON B SE AMPLIFIEK EQUIVALENT CIRCUNT
Figure 7

A negative going signal applied to the emitter of the PMP transistor
will oppose forward emitter-base bias causing the resistance of the
transistor to increase. With increased resistance in Qt, RZ will have
a smaller voltage drop and the output will go more negative.

When the input becomes 1ess negative it aids the forward bias of the tran-
sistor, and Q1's resistance decreases. More voltage is dropped across R2,

so the output becomes less negative. The output is in phase with the
input. '

This amplifier can easily be used as 3 power supply current regulator

device since the action of the transistor will oppose any voltage change
fett on the enitter.

A block diagram of the common base amplifier input and output is shown
in Figure 8.

Figure 8
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Label the common element of the following circuits:

i,

n Emitter
n Base
on Collector
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The following chart is provided as an easy reference for CE, (C, and CB
configurations.

AMPLIFIER COMMON COMMON COMMON
TYPE' BASE EMITTER COLLECTOR

Input/Output
Phase 00 1800 0¢
Rclationship

Voltage Gain High Medium Low

Current Gain Low Medium

Power Gain Medium High

Input Resistance | Low Medium

Qutput Resistance}. High Medium Low

How that vou have studied the various amplifier confiqurations, try match-
ing the below items. ’

Provides phase inversion. a. CB
Used as a current control device. b. CE
Used as impedance matching device. c¢. CC
Host commonly used Eonfiguration.

e
1. b; 2. a; 3. c;_ﬁ. b

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF Y,

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON,

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS

LESSOIt YOU ARE HAVING DIFFICULTY WITH. 1F YOU FEEL THAT YOU HAVE

FAILEL TG UNDERSTAND 4LL, OR MOST, OF THE LESS.M, SELECT AND USE ANOTHER
WRITTEN MEDIUM OF IKSTRUCTION, AUD1O/YISUAL MATERIALS (IF AFPLICABLE},
OR CONSULTAT!ON WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL
SELF-TEST ITEMS OH THE PROGRESS CHECK CORRECTLY.
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OVERV | EW
LESSON ¥

Basic Transistor Amplifier Circuit Analysis

{n this lesson you will learn that transistors have two limits (cutoff
and saturation) that must be considered in conjunction’with the oper-
ating bias to determine the class of operation a certain amplifier is
designed for. You will also cover three new circuits: push-pull amp-
lifiers; phase-splitters; and complementary-symmetry push-pull ampli-
fiers.

The iearning objectives of this lesson are as follows:
TERMINAL OBJECTIVE(S):. -

21.5.42 When the student completes this course, he will be able.to-
TROUBLESHOOT an audio amplifier training device, given the
required test equipment, schematic diagram, and a pre-
faulted audio amplifier. Faults to be limited to open or
shorted components; no more than one fault per problem.
Remove/replace a similar component on a practice ‘card.

100% accuracy is required. - ] (/6 .

"ENABLING CBJECTIVE(S):

o

When the student completes this lesson, he will be able to:

21.5.42.10 10ENTIFY the conditions under which 3 push-pull amplifier may
be used selecting the correct statement (with regard to power
output)bfrom a list o four choices. 100% accuracy is required,

21.5.42.10.1 10ENTIFY the electrical characteristic of 3 transistor that
is "cut off'" by sclecting the most correct statement from a
choice of four statements. 100% accuracy is required.’

21.5.42.10. 1DENTIFY the electrical characteristics of a transistor that
is “"saturated' hy selecting the most correct statement from a
choice of four statemenfs. . 0% accuracy is requ:red.

21.5.42.10.3 OEFINE Ciass A bias by selecting the ¢orrect dzfinition from
a list of four choices. 160% accuracv is CLequired.

21.5.42.10.4 DEFINE Class B bias by selecting the correct statemert from
a list of four choices. 100% accuracy is required.

21.5.42.10.5 OBSERVE the cut off and saturatizn states of a transistor by
measuring the collector and base biasing voltages, giver an
oscilloscope, a training device and a job program. 100%
accuracy is required.

1) 6
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10.6 OBSERVE class A and class B biasing by viewing the output
of a transisto~ amplifier, given an oscilloscope, & training
device, and a job program. 100% accuracy is required.

21.5.42,10.7 IDENTIFY basic¢ bush-pull amplifier configurations by select-
ing a schematic of a push-pull amplifier configuration from
a choice of four schematics. 100% accuracy is required.

21.5.42, [IDENTIFY the purpose of a phase splitter circuit or device

by selecting the correct statement from a list of fouf
choices. 100% acguracy is required, s

21.5.42.10.9 SELFCT those circuits containing a phase splitt~r, given
. four schematic circuit diagrams. 100% accura - is required.

21.5.42.1i  DESCRIBE a complementary-symmetry amplifier bv selécting the
correct description from a list of four choices. 100%
accuracy is required, ’

21.5.42.41.1 1DENTIFY those circuits not containing a phase splitter, given
four schematic circuit diagrams 1002 accuracy is required.

2i.5.42.11.2 VERIFY the proper operation of a'push-pull amplifier by
‘ viewing its operation, given.an oscilloscopz, a training
device, and accessories. 100% accuracy is required.

BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE LIST OF STUDY RESOURCES ON THE MEXT PAGE.
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Study Resources Twenty On2~V
LIST OF STUDY RESOURCES
LESSON V

Basic Transistor Amplifier Circuit Anaiygig

To learn the material in this lesson, you have the option of choosing,
according to your experience and ~references, any or 3ll of the foiluowing
study resources:

Yritten Lesc™1 presentation in:
Modulce o o

Summary |
Programmed Instruction
Narrative

Student's Guide: -

Audio/Visual Response Sheet Twenty One-V

Job Program Twenty One-V-| *Transistor Amplifier Analysis"
Job Program Twenty One-V-2 ™"Transistor Amplifier Analysis'
Progress Lneck

Additional Material(s):

Audio/Visual Twenty One-V ''Basis Transistor Amplifier Operational
Characteristics’ A .

S

)

v

-
YOU MAY USE ANY, OR AitL, RESOURCES LIS1ED ABOVE, INCLUDING THE LEARNING
SUPERVISOR: HOWEVER, #'L MATERIALS  STED ARE NOT NECESSAR!ILY REQUIRED
TO ACHIEVE LESSDN OBJECTIVES., THE :OGRESS CHECK MAY BE TAKEN AT ANY TIME.
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SUMMARY
LESSON ¥

Basic Transistor Amplifier Circuit Analysis

In this lesson you will learn the two limits (cutoff and saturation) of
a transistor, and the operating bias at which a transistor circuit may
be designed to function {class A or class B). You will also cover three
rew circuits: push-pull amplifiers, phase-splitters and complementary-
symmetry push~pull amplifiers.

Cutoff

Transistors are sometimes biased so they will not conduct (reverse biased).
When a transistor is reverse biased, the transi tor is said to be cutoff.
Since the base voltage will prevent current flow at cutoff, the transis-
tor appears open between emitter and Vcc. For this reason you will meas=-
ure source voltage (Vcc) across a cutoff transistor (See Figure 1).
Saturation

Saturation is the limit you reach when you increase forward bias until

the transistor's conduction no longer increases. The transistor is then
conducting as hard as it can (see Figure 1).

- = - CUTOFF LIMIT (Vco)

- .\._[ ........ SATURATION LIMIT

+39DC
SOURCE
&

snununonL:vutéﬁh}ffk\;---._-
4y ady

Figure |

A saturated transistor acts almost like 8 short circuit, MWearly ail of
the Vcc will appear across the load resistor (RL).
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Relative to cutoff and saturation, there are four (4) classes of bias,
but we will discus~ only two of the classes in this lesson,

Class A

All the circuits you have studjed have been Class A biased., The signal
at the coilector looks like the input signai, but it is larger and some-
times of opposite phase (Figure 2). In class A bias, the transistor con-
ducts midway between cutoff and saturation with no signal input.

SATURATION CUTOFF

GLASS'A’

N/ | ANPLIFIER

CUTOFF —— ——~ — ==

SATURATION

CLASS A AMPLIFIER
Figure 2

Class B

Class B bias sets the base bias at or just below the cutoff voltage of
the transistor. This prevents the amplifier's conduction until the
proper input signal is applied (see Flgure 3),

SATURATION
CLASS'B’

AMPLIFIER \ f

SATURATION

CLASS B BIAS
Figure 3

Depending on whether we use NPN or PNP transistors, the circuit will
amplify the positive or negative portions of the input signai.

Phase-Spiitter

Some circuits we use require two Input slignals 180° out of phase but
the same in amplitude, For this purpose we use a phase~splitter. See

Figure &4, 1 i
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PHASE~SPLITTER
Figure 4

The transistor in a phase-~splitter circult will be forward (class A)
biased. The collector resistor and the emitter resiszor will be of
equal value so their voltage drops will be equal. Since the transis-
tor clircuit causes phase reversal of the input signai at the collector,
the two output signals {collector and emitter) will be 180° out of
phase.

A center-tapped transformer will also provide a phase-splltter output
{see Figure 5). The center tap effectively allows the secondary o act
like two separate windings that provide two output slgnals equal in
amplitude and 180° oyt of phase.

&

'\
J

TRANSFORMER USED AS PHASE-SPLITTER
Figure 5
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Pu- h-pull Amplifier

A circuit that commonly uses a phase-split.er as an input is the push=
pull amplifier (see Figure 6).

. ﬁg, o
B
) .

PUSH-PULL AMPLIFIER
Figure 6

Push-pull amplifiers provide high power amplification with minimum dis-
tortion. Basically a push-oull amplifier is two (2) common emitter
circuits back to back. Most push-pull amplifiers are biased class B

for efficient operation. The first circuit is formed by the top portion

of T1, Ql, R1, and the top portion of Tz. The other half is the bottom
half of T1, Q2, R2, and the bottom half of T2. Each half of the out-

put transformer (T2) acts as a collector load and output coupling device.
The two signals out of our phase-splitter will cau.e one transistor to .
conduct and the other transistor to be in cutoff (see Figure 7). As

the polarity of the signals changes, the transistor that was cut off

41l start to conduct and the other transistor will go into cutoff. There-
fore, with class B bias on a push-pull amplifier you will have only one

transistor conducting at a time.
T
-VcCl I"C N

PUSH=PULL AMPLIFIER WITH CURRENT WAVEFORMS
Figure 7,

12 3
1
1
1
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¥ The amplified output signal from each transistor will be applied across
its half of the transformer (T2). T2 will combine the two outputs of
i Q) and Q2 and provide one outPut from its secondary, as shown in Figure
o 8. 1 1 ! bt

g

ok o = -

Figure 8

Now that we have studied common push-pul! amplifiers and phase-splitters
let's take a look at a push-pull amplifier that doesn't require a phase
splitter. This type of push-pull amplifier is called a complementary-
symmetry push-pull amplifier. A complementary-symmetry push~-pull ampli-
fier is simply a push-pul] amplifier that uses an NPN transistor and a
PNF transistor in conjunction, so we will need a power supply that pro-
vides both positive and negative voltages to properly bias a complemen-
tary-symmetry push-pull amplifier {see Figure 9).

COMPLEMENTARY=-SYMMETRY PUSH-PULL AMPLIFIER
‘Figure 9

Just as common push-pull amplifiers can be biased class A or class B,

s0 can the complementary symmetry push-pull amplifier. We normally
use class B bias for more efficient operation of the circuit.

When we apply a positive signal to a class B biasad complementary-symmetry
push-pull amplifier, the NPN transistor (Q)) will conduct and the PNP
transistor (Q2) will be cut off. The reverse is truye when the input sig-
nal swings negative, Q2 wi!l conduct and Q) will be cut off.
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The positive input signal will drive the NPN transistor aad give a posi- ,
tive output signal across RL; a negative input signal wili drive the PNP

* transistor and provide a negative output signal across RL' Because we

use the common-¢ollector configuration, we will not have phase inversion,
and combining the output signals at RL eliminates the need for ain output
transformer.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF You

ANSWER ALL SELF-TEST ITEMS COKRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ANLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWiR PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE

FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSOM, SELECT AND ySg ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE),
OR COMSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON V

Basic Transistor AmpYifier Circuit Analysis

TEST FRAMES ARE 4, 8, 12, 19, 23, 26, 28. GO FIRST TO TEST FRAME 4
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW rHE DIREC-
TIONS GIVEN AFTER THE TEST FRAME. -
1. 1n the four previous lessons, you have ldentified a transistor, the
voltage polarity at its elements that will cause it to conduct (biasing),
» and a few commen transistor circuit configurations.

v In this lesson You will learn the two limits of transistor operation (cut-
off and saturation), and two classes of operating bias at which a transistor
may be designed to function (class A or class B}. You will also cover
three pew circuits: push-pull amplifiers, phase-splitter circuits, and
compiementary-symmetry amplifiers. ’

Up to this point, you have beep concerned with biasing a transistor so

it will conduct. You did this by applying the proper voltage to each

element of a trapsistor. Not all transistors will be biased this way

all the time. You will find some transistors to be reverse biased; ‘ ..
that is, biased sc they will pot conduct. ¥

Which transistor is forward biased, or biased to conduct?

' 10v -10v +10v
+10v b 2 = c 3 d - 1y
- L
. a2 o< . B
+2v +2v

+2v +1v
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2. MWhen a transistor is reverse biased, it is said to be at cutoff. The
voltage on the base prevents current from passing through the transistor,

Which transistor is reverse biased {cutoff)?

-~

+10v -10v -10ov d
+1
a-+2' bu-"@ cn+'5' .
v -2v

+1

3. With the base voltage preventing current flow, the transistor appears
as an open between emitter and collector.

When measuring voltage across an open circuit, vou will read source vol-
tage. In this case you would read Vcc.

At cutoff, the transistor is {conducting/not conducting).

not conducting
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k., TESV FRAME . -

which of the following amplifiers is at cutoff?

(THIS 1S A TEST FRAME, COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN
AT THE TOP OF THE NEXT PAGE.)
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C.

| F YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 8.
OTHERWISE, GO BACK TO FRAME | AND TAKE THE PROGRAMMED SEQUENCY BEFORE
TAKING TEST FRAME % AGAIN,

5. When a trapsistor is at cutoff, no cGFrent will flow throuah it., The
voltage sources applied to the transistors' emitters in Tes* Frame 4 in-
sure the emitters wi)l have a constant voltage level even 1f the transis-
tors are at cutoff. The opposite to this condition is saturatisn, when
the transistor is conducting as hard as it can. In this case, the iran-
sistor appears as a npear short to the circuit.

The axtreme )limits of transistor operation are

cutoff and saturation (in any order)

6. The condition for a transistor to conduct is to have the base forward
biased with respect to the emitter. Increasing forward bias at the base
allows more current to flow through the transistor.

Which of the following amplifier circuits would have wmore current flowing
through the transistor?
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7. At some value of forward bias, current through the transistor will
reach a maximum. This condition will depend on the type of transistor
and the circuit design. Any further increase of base bias cannot IR-
crease the amount of current through the transistor.

When the transistor is operating at saturation, the largest amount of
current possible is passing through it. The collector load resistor has
not changed its value. Using Ohme law (E=IR), you can see that i’
current (1) increases and resistance (R) remains the same, the voltage
(E) acrocs the resistor must increase. The voltage acress the resis-
tor is limited by the amount of Vcc.

At saturation the current will be (large/small) through the transistor.

8. TEST FRAME

Which circuit is closer to saturation?

(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER
GIVEN AT THE TOP OF THE NEXT PAGE.)
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IF YOUR AMSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 12.
OTHERWISE, GO BACK TO FRAME 5 AND TAKE THE PROGRAMMED JEQUENCE BEFORE
TAKING TEST FRAME 8 AGAIN.

9. When a transistor is saturated, it appears as a rear short to the circuit.
Neariy all of Vec will appear across the load resistor (RL). At this time
the collector will be closer to emitter voltage than at any other time.

If the voltage across the load resistor is about equal to Vec, the transis- «
tor is at ) .

- e o o E o m M m T m am mE m e ml E sm m E E o E o v E ml W ol o o mf = om = m

saturation

10, You have learned the limits of cutoff and saturation transistor oper-
ation. Between these timits we have four classes of bias. Here we will
discuss only two of these classes. The first Is Ctass A. Up to now, the
circuits you have studied used class A blas. The sine wave at the cotlector
tooked tike the input sine wave, but farger as shown in Figure 1.

CLASS A AMPLIFIER
Figure 1
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Class A amplifiers operate between what two iimits? .

cutoff and saturation (either order)

11. Class A bjas is centered between cutoff and saturation. This point
of operation forward biases the amplifier enough that the input sigrai
peak amplitudes wili not drive the mmplifier into ¢ither limit.

Class A amplifiers amplify {all/part/none) of the input signal.
¥ .

- e m m m m m m m a m om om W W m om m m o e W M W M om om ™ om o ™ o W om o m =

all

12. TEST FRAME

Which of the below conditions exists in class A amplifiers? -
a. Current flows through the transistor at all times.
b. Current flows through the transistor only when 2 signal is applied.

¢. Current by-passes the transistor when 3 signal is applied,
d. Current never flows through the transistor,

(TH1S 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER
GIVEN AT THE TOP OF THE NEXT PAGE.)
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-

3. Curgent flows through the transistor at ali times.

IF YOUR ANSWER MATCHES THE _ORRECT ANSWER, YOU MAY GO TO TEST FRAME 15.
OTHERWISE, GO BACK TO FRAME 9 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 12 AGAIN.

13. “The second class of bperatibn, and the iast we will discuss here, s

referred to as Class B. For this class of bias the base voltage is set at

or just below the cutoff voltage for the transistor. Class B bias pre-

vents the amplifier's conducting until the proper input signal is applied.
J

Which of the following circuits is class B biased?
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Class B Bias
Figure 2

The circuit in Figure 2 is a class B biased (NPN) amplifier. Only when the
input signal rises above positive one volt wiil the amplifier conduct.

On the other hand, when the input signal passes below positive one volt

the transistor .is reverse biased and cut off. Therefore only the posi-
tive portion of the input signal will be amplified. " If the transistor

™ used is a PNP type, then the negative portion of the input will cause

the amplifier'to conduct. '

L0
When the transistor is operating at class B bias, the transistor is
a. never cutoff. !
b. operating between cutoff and saturation.
¢. biased at or just below cutoff.
d. always reversed biased,

c. biased at or just below 'cutoff.

15. TEST FRAME
Which of the below conditions exists in a class B amplifier?

a. Current flows through the transistor at all times.

b. Current flows through the transistor only when a proper signal is
applied. '

c. Current bypasses the transistor when a signal is applied.

d, Current never flows through the transistor,

- mt mE ar W dm dm ar dm dm dm W W o e e A ar W mE g ™ wm mE g ar m m ar g M o g W a o

(TH!S i3 A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER
GIVEN AT THE TOP OF THE NEXT PAGE.)
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b. Current fliows through the transistor only when a proper signal is
applied.

[F YOUR ANSWER MATCHES THE CORRECT ANSWER YOU MAY GO TO TEST FRAME 19.
OTHERWISE, GO BACK TO FRAME 13 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING, TEST FRAME 15 AGAIN,

Phase-Splitters

87" Some circuits we use require two inputs 180° out of phase, but of
equal amplitude. For this purpose we use a phase-splitter. See Figure 3.

qutPUY £

A
%— auTPUT 2

PHASE-SPLITTER
Figure 3

The transistor in the phase-splitter circuit will always be forward biased.
This will allow both peaks of the input sine wave to control the current
‘thirough the transistor.

Phase-splitter circuits will be class (A/B) biased?

17. The collectnr resistor and the emitter resistor will be of equal resis-
tance. With the same current flowing thyough both resistors, their voltage
drops will be equal. Since the amplifier gives a phase reversal at output \k
#1, the two output signals will be 180° out of phase (Figure 3),

-
-

4 24

a

e ———— et e
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The output signals are taken from the transistor's and .

- o e W™ e owr W omr ow m ow oW o m ™ oap owr ow m ow oap e W owr ow omr owr wr owr o e mk A owe W

collector and emitter (either order)

18. 1n the previous circuit we used a transistor to perform phase-splitting.
Another way to provide the two needed waveforms is to use a center-tapped
trans former (Figure 4).

VIR

TRANSFORMER USED AS PHASE-SPLITTER :
Figure 4

As you may rvemember from the power supply module, the center tap effect-
ively allows the secondary to act like two separate windings.

With the center tap as reference, the two signals from the secondary
winding will be equal in amplitude and 180° out of phase.

The outputs from a center-tapped transformer will be {in/out of) phase,
and (equal/unequal) in amplitude,

out of, equal {in that order}

19. TEST FRAME

What is the function of a phase~splitter circuit?

-

a. To provide two equal signais 180° out of phase.
b. To provide two equal in-phase signals,
¢~ To increase the frequency of the input signal.
‘d. To increase the frequency of the output signal.

- o e o W W m m o ow ow ow W o W ok o o W M o o o ok ow M m W o W o e o o=

{THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER
© GIVEN AT THE TOP OF THE NEXT PAGE.)

-
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a. To provide two equal slgaals 180° out of phase.

1F YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 23.
OTHERWISE GO BACK TO FRAME 16 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKENG TEST FRAME 19 AGAIN.

20. A circuit that uses phase-splitters as ap input is a push-pull am-
plifier. Push-pull amplifiers are used because they provide high power
amplification without distortion. Basically a push-pull amplifier is

two common emitter circuits back to back (see Figure 5). They are usually
class B biased. The first circuit is from -Vcc through half of T2's primary,
transistor Q1, the emitter resistor (R1), to ground. The other half of

the push-pull is from -Vcc through the second transistor (02) to ground.

Each half of the output transformer acts as a collector load.

Push-pull amplifiers can be considered as two common
circuits conpected back to back.

emitter

21. Class B bias holds a transistor at or near cutoff and only the proper
signal polarity will cause the transistor to conduct. in this case only
the negative swing of the input sine wave wlll forward bias the transistor
and cause it to conduct. With the two equal sine waves at the bases 180°
out of phase as shown in Figure &, the bottom transistor (02) will conduct
during the first half cycle and the top transistor (Q1) will copduct during
the second half cycle.

.

-~

-

o

™

Ay

°

PUSH-PULL AMPLiFiER WITH CURRENT WAVEFORMS
Figure &
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+ -

In class B biased push-pull amplifiers the transistors conduct (at the
~ same time/at different times).

L T . T T e -

at different times

22. The amplified output signal from each transistor will be applied
across its half of the output transformer, and the waveform across the

. secondary winding will swing in one direction the first half cycle, then
in the opposite direction the second half cycle (Figure 6).

c

Moo=
W == -

b o ome e =

P
Nﬂ-
“-

Figure 6

The output sine wave from the push~pull amplifier will be similar to the
input sine wave but it will contain much more power.

True or False:
We use a center tapped transformer for the output of a push-pull ampli-

fier to produce a smooth sine wave at the output from the two signals
of the transistors.

T - . T T . T T R Y

True

23. TEST FRAME
what 1s the function of a nush-pull amplifier? -

a. - To provide high vol tage gain.

b. To provide high output power.

¢. To provide a large D.C. voltage.
d. To provide current regulation.

{THiS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER
GIVEN AT THE TOP OF THE NEXT PAGE.)
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b. 1o provide high output power.

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 26.
OTHERWISE, GO BACK TO FRAME 20 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 23 AGAIN.

2h, Now that we have studied common push-pull amplifiers and phase-
splitters, let's take a look at a push-pull amplifier that doesn't
require a phase~splitter, Thi, type of push-pull amplifier is called
a complementary~symmetry push=pull amplifier.

A complementary-symmetry push-pull amplifier is simply a push-pull ampli-
fier that uses an NPN transistor and a PNP transistor in conjunction, .

No response required.

25. We know from <iesson |l that NPN and PNP transistors work the same
except that they require opposite polarity voltages for proper opera-
tion; that NPN transistors require a Positive Vcc and PNP transistors
require 3 Negative Vecc. To meet these requirements we will need a power
supply that provides both negative and positive voltages to operste

a complementary~symmetry push-puil amplifier,

In a complementary symmetry push-puli amplifier we use:
a. Two PNP transistors,

b. Two NPN transistors.
c. Onpe PNP transistor and one NPN transistor,

............. [..---------------_.--_--_-

c. One PNP trancistor And one NPN transistor.

’
A
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26. TEST FRAME
A complementary-symmetry push-pull amplifier is:

a. A push-pull amplifier used to compliement the input signal.
b. A push-pull amplifier that uses an NPN transistor and a PNP
transistor.

c. A serles of push-pull ampliflers.

d. Two push-pull amplifiers hooked back to back.

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER
GIVEN AT THE TOP OF THE NEXT PAGE.)
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b. A push-pull amplifier that uses an NPN transistor and @ PNP transistor.

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 28.
OTHERWISE, GO BACK TO FRAME 24 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 26 AGAIN.

27. MNow let's take a look at a schematic of a complementary-symmetry
push-pull amplifier (Figure 7).

193

R OUTPUT

“Vee

COMPLEMENTARY SYMMETRY PUSH-PULL AMPLIFIER
Figure 7

Y7 *
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Just a3 common push-pull amplifiers can be biased class A or B, so can
the' cumplementary~symmetry push-pull amplifier be biased class A or B, In
most cases we wili bias a complementary-symmetry push-pull amplifier -
class B for more efficient operation.

When a negative going signal is applied, Q2 will conduct and Q1 will
be cut off. With a positive signal in, we will drive the NPN tran-
sistor and the result will be a positive signal across R, « A negative
input signal will drive the PNP transistor and cause a négative output
v signal across R . Because the circuit is basically a common collector
configuration, e will not have phase inversion in a complementary=-
symmetry push-pull amplifier, and we will not need a transformer, to
combine the output signal from the two halves of the circuit (Figure 8).

L. - - Vee

[ Ql

<y Ry
. /“\\/ o-—1 C#AAA~ ' °
' . X %RL ouTPUT

2
! Nee I

COMPLEMENTARY-SYMMETRY PUSH-PULL AMPLIFIfR WITH INPUT AND OUTPUT SIGNALS
Figure 8
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When we appiy a positive signal to a class B biased complementary-
symmetry push-pull amplifier, the NPH transistor (Ql) will conduct
and the PNP transistor (Q2) will be in what state?

- e m o T e W o i o i sm mm mm s Em o mm mm S o o s o mm P e mm m, M am dm M am

132
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28. TEST FRAME

Twenty One-V

Match the following circuits with their proper names.

1.

T4

02 I

GIVEN AT THE TOP OF THE NEXT PAGE.)

- 2
R1 . e W
. - e 3

a.

b.

c.

d‘

e.

COMMON BASE AMPLIFIER
PUSH-PULL AMPLIFIER
VOLTAGE REGULATOR

COMPLEMENTARY-SYMMETRY
PUSH-PULL AMPLIFIER

PHASE-SPLITTER

-

- e o e o e o o e o o e e o o e o e e e o o o M o W o o W m m m m m m

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
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1, b; 2. e: 3. d;- 4, e

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PRO-

GRAMMED INSTRUCTION FOR LESSON V MODULE TWENTY ONE. OTHERWISE GO BACK

TO FRAME 27 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 28

AGAIN. \
)

AT THIS POINT, YOU MAY TAKE THE LESSON PRDGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,

THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,

PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE

FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER

WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE),

OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL

SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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NARRAT IVE
LESSON V

Basic Transistor Amplifier Circuit Analysis

In the four previous lessons you have studied transistors, transistor bias,
and a few common transistor circuit configurations,

In this lesson you will learn the two §inits \cutoff and saturation) of
transistor operation, and the operating ~i:s at which a transistor cir-
cuit may be designed to function (Class A or Class B}. You will also
cover three new circuits: push-pull amplifiers, phase-splitters, and
compiementary symmetry push-pull amplifiers.

CUTOFF

Until now, you have been concerned with biasing for continuous conduction
of the transistor which requ.res forward bias. HNot all transistors will

be biased for constant conduction; they are sometimes biased so they will
not conduct. This condition requires that the base not be forward biased

with respect to the emitter as shown in Figure 1.

BASE-EMITTER JUNCTION REVERSE BIAS
Figure 1

When a transistor is reverse biased, the transistor is said to be cutoff.
At cutoff the base voltage level will prevent current flow through the
transistor, making the transistor appear as an open circuit between the
emitter and the collector.

Notice that the emitter of Ql is tied to a +4 vdc source. This will in-
sure that the emitter of Q! is held at a constant 4 vdc even when Qi is
cutoff {no current flow through the transistor).
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When measuring voltage across an open circuit you will read source voltage.
When the transistor is cutoff, you will read Vcc.

Which circuit illustrated below has its tcarsistor hiased at cutoff?

b.

+.5vDC

SATURAT 10N

A transistor will conduct when the base, with respect to the emitter is
forward. biased. If the forward bias on the base is increased (that is, in-
jection of sine wave) conducticn will increase. As with anything else,
there is a limit. When this limit is reached any further increase in
forward bias {(or amplitude of the injected sinz wave) cannot increase con~
duction. This point is known as saturation, or the transistor is said to
be saturated. This is shown in Figure 2,

+15¢

- - - . CUTOFF LINIT (Veo

A
a
- -u ........ SATURATION LIMIT
&,

.

BASE~EMITTER JUNCTION WITH LARGE FORWARD BIAS
Figure 2
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The ttansistor conduction is maximum fo- the applied Vcc. <
/ which .ircuit illustrated below is closer to Shturation. (All transis-

tors'z e of the same .type.)

- o ar mr W a m dm S e om W W a om

A saturated transistor acts almost like a short circuit. HNearly all of

the Vcc will appear across the load resistor {R2). At this time the voliage at
the collector of the transistor &ill be closer to thc emitter voltage

than at any other time.

There are four classes of bias, but in this lesson we will djseuss only
two of these classes: Class(jdgnd Class B.

Class A Bias \

All the :ircuits you have studied have becn class A biased. The waveform
at the collector is the same shape as the input waveform, but it is
larger. Class A bias centers the operating point of the transistor be-
tween cutoff and saturation, so that all portions of the input signal

are amplified as long as the input signal does not exceed the limits

for cutoff and saturation, see Figure 3.

-~
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AMPLIFIER

SATURATION

CLASS A BIAS ’
Figure 3

Class B Bias o

The second class of bias we will study is class B, Class B bias sevs the
base bias at or just below the cutoff voltage of the transistor. This

) prevents the amplifier's conducting until,the proper input signal is applied,
as shown in Figure 4,

o b e -

CLASS B BIAS
Figure L
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The amplifier circuit in Figure 4 is biased class B. The amplifier will

conduct only when the input signai rises above positive 2.9 volts; there-
fore, only the positive portion of the input signal will be amplified.
the transistor used is PNP, then oniy the negative portion cf the insut

See Figure 5.

£
signal will allow the transistor to conduct.

N
PNP TRAN5ISTOR WITH CLASS B BIAS A
Figure 5 (2_/~;p
Phase-Splitters
Some circuits we use require two inputs 180° out of phasc. For this purpose
we use a phase-splitter circuit. See Figure 6.

ouTPUT

ouTPUT

PHASE-SPLITTER
.. Figure 6
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A phase-§plitter is a circuit or device that takes a single input and
supplies two signals of equal amplitude, but. 180° dut of phase. The
transistor in a phase-splitter circuit will be forward (Class A} biased;
this will allow both peaks of _the input sine wave to control the current
through it. i

The collector resistor (R3) and the emitter resistor (R4) will be of
equal value. Vith the same current flow through both resistors the
voltage drops will be equal. Since the {ransistor causes phase rever-
sal of the input at the collector, the two output signals will be 180°
out of phase. '

What s the function of.a phase-splitter circuit?

To provide two equal signals 180° out of phase.
To provide two equal in-phase signals.

To increase the frequency of the input signal,
To increase the frequency of the output signal.

o oo

a. Tc providel two equal signals 180° out of phase,

In the previous circuit we uysed a transistor to perform phase-splitting
Another way to prov.de the needed waveform is 1o use a center-tapped
transformer. As shown in the power supply module, the center tap effec-
tively allows the secondacy to act like two separate windings. See
Fiqure 7.

jt' <‘ .
rP_)
N

.RANSFORHER AS PHASE- SPLI*TER
Figure 7

L4

Wirh the center tap as reference, the two signals from the secondary
windings will be equal in amplitude and "180° out of phase.
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Push-Pull Amplifiers

Push=Pull amplifiers are used because they provide high power amplification
with minimum distortion, Basicaily a push-pull amplifier consists of two
commgn'emitter amplifier circuits connected back to back, as shown in Fig-
ure 8, -

PUSH-PULL AMPLIFIER
_Figure 8 '

The first circuit is from ~Vcc through the ypper half cf transformer T2
through transistor {Q1) and emitter resistor Rl to ground. The other

half of the push-pull is through -Vcc to the second transistor (Q2). Each
half of the output transformer (T2) acts as a collector load and transformer
action combines the signals from each haif into a smooth output signal.
Push-pull amplifiers are normally biased class B. The input section of

a push-pull amglifier is a phase-splitter.

Since ='ass B bias holds the transistors at or near cutoff, each trans-
istor will conduct for only part of its input signal (see Figure 9),

In this case, only the negative swing of the wave applied to its base
will forward bias either transistor and cause it to conduct. The two
signals at the base are equal in amplitude but, 180° oyt of phase. Thus,
the bo.tom transistor (Q2) will conduct for the first half cycie {at

Tl's primary), and the top transistor {01) will conduct for the second
half cycle. .

NOTE: The collector waveforms shoan are current waveforms. The voltage

waveforms shown by an oscilloscope would be complete sine vaves due to
transformer action.
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33 122
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PUSH-PULL AMPLFFIER CURRENT WAVEFORMS ) .

Flgure 9

In push-pull amp!ifiers, the transistors conduct {at _the same time/at
different times). _

at different times

The amplified output signal from each transistor will pe appllied across
its half of the transformer {T2). The secondary wave will swing in one
direction the first alternation, and then in the opposite dlrection for

the second alternation,
i

o
o
123
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Flgure 10

The output from the push-pull amplifier will be similar to the input, but
much more powerful. (More power may mean higher current rather than higher
voltage}., .

Now that we have stuuied common push-pull amplifiers and phase-splitters, .
let's take a look at a push-pull amplifier that doesn't require a phase-

splitter. This type of push-pull amplifier Is called a complementary-

symmetry push-pull amp!ifier,
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A complementary symmetry push-pull amplifier is simply a push-pull ampli-
fier that uses an NPN tronsistor and a PNP transistor in conjunction. We
know from lesson 11 that NFN and PNP transistors work the same, but they
require voltages of opposite polarity for proper operation. NPN transis-
tors require a positive Vcc; PNP transistors require a negative Vcc, There-
fore we will need a power supply that provides both negative and positive
vol tages to operate a complementary-symmetry push-pull amplifier.

A complementary-~symmetry push-pull amplifier is:

a. A push-pull amplifier used to complement the input signal.
b. A series of push-pull amplifiers.

c. A push-pull amplifier that uses an NPN transistor and a PNP tran-
sistor. .

d. Two push-pull amplifiers hooked back to back.

- e dm e dm e dm dm dm e T e dm dm mr e e W o i W G dm b W e w m m m w om e

c. A push-pull amplifier that uses an NPN transistor and a PNP transistor.

Now, iet's take a look at a schematic of a compiementary-symmetry push-
pull amplifier (Figure 11),

ouTedT

COMPLEMENTARY~SYMMETRY PUSH-PULL AMPLIFIER
Figure 11

Just as common push-puli amplifiers can be biased class A or B, so can
the complementary-symmetry push-pull amplifier be biased class A or B.
In most cases we will use class B bias for more efficient operation of
the circuit.

When we apply a positive input signal to a class B biased complementary-
symmetry push-pull amplifier, the NPN transistor {Ql) will conduct and
the PNP transistor (Q2) wil! be cutoff. The reverse is true when the
signal swings negative; Q2 will conduct and Q) will be cutoff. When the
input signal is positlve, we will drive the NPN transistor and the result
will be a positive signal across R, . A negative input signal will drive
the PHP transistor and cause a negative output signal across RL.

137 1

(Y
N

-




Narrative . Twenty One-V

Since the signals are combined at RL' we do not need a transformer to

combine the output signals for the two halves of the circuit. This pro-
vides considerable savings in cost and weight as compared to a standard
push-pull amplifier, but gives the same power and efficiency advantages.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF~TEST ITEMS CORRECTLY, PROCEEO TO THE NEXT LESSONM.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROZRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATF PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS O/ THIS

LESSOH YOU ARE HAVING OIFFICULTY WITH. |IF YOU FEEL THAT YQU HAVE

FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE),
OR COHSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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OVERV I EW
BASIC ELECTRICITY AND ELECTRONICS
HODULE TWENTY ONE-T

Multi-Element Vacuum Tubes

in this module you will learn that there are more kinds of tubes than
just diodes. Adding a control grid to a diode makes a triode; add a
screen grid and you will have a tetrode; then add a suppressor grid and
you will have a pentode. You will learn how each of these grids affects
the tube's operation. Special applications call for special tubes or
power tubes. You will also compare the basic circult configurations
covered in transistors. to their equivalent circyits with tubes.

For you to learn the above, this module has been divided into the
following two lessons.

Lesson | - Multi-Element Vacuum Tubes,
Lesson Il - Vacuum Ti'oe Circuit Configurations
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OVERVIEW

LESSON | : '“}

Multi-Element Vacuum Tubes

In this lesson you will study multi-element ivbes and learn the advan-
tages and disadvantages of tubes and how added elements overcome these
disadvantages.

The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S):

21T.1.43 When the student completes this course, he will be able to .
IDENTIFY theroperational similarities and differences that
exist between tubes and transistors by comparing similar
circuit applications. 100% accuracy is, required. )

EHABL ING OBJECTIVE(S):
«hen the student comipletes thig lesson, bhe will be able to:

. 1
21T . 1.43.1 IDENTIFY the elements of a tricde tube by selecting the
‘ correct name for each element, given a schematic symbol
and four choices of names. 100% accuracy is required. i

21T.1.43.2 IDENTIFY the method of controlling current flow through a
triode to obtain-signal amplification by selecting the
correct statement! from a set of four choices. 100% accur-
acy is required.

21T.1.43.3 IDENTIFY a solid state device having current flow character-
istics most like a triode vacuum tube by selecting the correct
device from @ list of four choices. 100% accuracy is reqauired,

21T.1.43.4 1DENTIFY a condition that will cause a triode vacuum tube to
"eut off'" by choosing the most correct statement from a set
of four choices. 100% accuracy is required.

21T.1.43,5 IDENTIFY a condition that will cause @ triode vacuum tube to
"saturate'' by choosing the most correct statement from a set
of four choices. 1003 accuracy is required.

217.1.43.6 1DENTIFY the screen grid in a tetrode vacuum tube given a

schematic symbo' of a tetrode vacuum tube. 100% accuracy
is required.
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OVERVIEW

21T.1.43.7 IDENTIFY the function of a screen grid in a vacuum tube by
selecting the correct statement from a set of four Choices.

100% accuracy is required.

21T.1,43.8 IDENTIFY three major advantages a pentode tube has over a
tetrode tube or a tricde tube by selecting the statement
containing all three advantages in it. 100% accuracy is re~
gquired.

t

A —

BEFORE YQOU START THIS LESSON, READ THE LESSON LEARNING DBJECTIVES
AND PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE.

-~

143 ‘1'3




Study Resources . ¢ * Twenty One-T-!

3

LIST OF STUDY RESOURCES
LESSON 1

Multi-Element Vacuum Tubes

To learn the material in this lesson, you have the option of choosing,

- according to your experience and preferences, any or all of the folldwing
study resources:
Written Lesson presentation: in:

Study Booklet:

Summary . ; .
Narrative

Student's Guide:

Audio/Visual Response Sheet Twenty One-T-1
Progress Check

Additional Material(s): . .
Audio/Visual Twenty One~T-1 ""'Multi-Element Ve .uum Tubes:
Enrichment Material(s):

Fundamentals of Electronics, Vol. 2, BAVPERS 93400A-2

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED

TG ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME.
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. SUMMARY
LESSON 1

Multi-Element Vacuum Tubes

The diode vacuum tube contains two elements, but vacuum tubes are not
restricted to just twc elements; tubes that must-do more than just rectify
need three or moré elements. Vacuum tubes (amplifiers) have three, four,
five and more elements depending on what the tube is being used for. The
most important, from the standpoint of usage, is the triode {(Figure 1).
Inserting a fine wire mesh or control grid between the cathode and the
plate creates the three element tube; the triode. The control arid {like

the transistor base) determines the amount of electron flow through the
device. .

Triode
Figure 1

Triodes are amplifying devices that function like NPN transistors. (NOTE:
There is no tube equivalent to the PNP transistor. Current flow in a
tube won't go that way.) Unlike the NPN transistor base, the control
grid is normally operated at some negative potential. This is necessary
because a positive control grid would not onlyeghsw current (which in
tube amplifiers is bad) but would conduct so many electrons to the
plate, that it would always be saturated and could not amplify. The
control grid can also bz placed at such a high negative potential, that
nd current w1l flow .hrough the tube, a condition known as cut-off. The
control grid hasg such a great effect on the triode that it has more
control over plate current than does plate voltage, but the triode isn't
fault free. It really doesn't work so well at high frequencies. {(The
rapid changes were more than the triode could handiz.) For hligh frequencies,
vacuum tube ampiifiers utilize tetrodes and pentodes.

-~

™
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Tetrode
Figure 2

The tetrode (Figure 2} is a four element vacuum tube, witk the fourth
element inserted between the controi grid and the plate. This element is
called a screen grid. The screen grid acts a#s a shield and is normally
operated at sume positive voltage (typically 90 volts). Oue to its
shielding effect, the screen grid also has more €ffect on plata current
than does plate voltage. The tetrode can handle the frequency, but it is
not llnear, which causes distortion In the output when a lar,e input
signal is applied. This non-linearity reduces the use ot tetrode as an
ampl ifier. - The solution to this problem is the pentode ({see Figure 3).

Pentode
Figure 3

The Pentode has a fifth element, placed between the screen grid and the
plate. This fifth element is called a Suppressor Grid and it usuwally
operates at the same potential as the cathode. It causes the plate
current to rise uniformly with a proportional increase in plate voltage.
The suppressor grid also increases the available gain and extends the
frequency range beyond that of the tetrode. '

Each of the multi-element vacuum tubes can be used in an amplifier circuit
(radifos, TV's) but they won't deliver the power required to drive a

public address system or a radio transmitter. For this we yse power

tubss; power triodes, beam power tubes and power pentodes. The differences
batwesn power tubes and regular multi-element tubes are minimal. The
basic cifferences are in the size of the internal elements. The 2lements
for pover tubes are larger.
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Schematically, the only difference in presentation is the beam power tube
(Figure 4). The beam power tube has ail! of the elements of a tetrode;
plus, just above the screen grid, it has two beam forming plates.

il

BEAM FORMING PLATES

Beam Forming Tube
Figure 4

The function of the plates is to concentrate the electrons into a small
area. Functionally, the beam power tube is identical to the power pentode.

Schematically, all components are referred to with letter number combina~
tion. Resistors yse "R", and capacitors use '"C'"". Vacuum tubss use the
letter "'V',

AT THIS POINT, YOU MAY TAKE THE “ESSON PROGRESS CHECK. |IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPR!ATE PAGES,
PARAGRAPHS, OR FRAMES S0 THAT YOU CAN RESTUDY THE PARTS OF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH. |F YOU FEEL THAT YOU HAVE

FAILED TS UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/V!SUAL MATERIALS {1F APPLICABLE),
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL
SELF-TEST {TEMS ON TTHE PROGRESS CHECK CORRECTLY.
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NARRATIVE
" LESSON 1

Multi-Element Vacuum Tubes

We have determined that a diode has two elements.

These two elements are: the plate and the cathode. ANODE PLATE
When the cathode is negative with respect to the
plate, the'diode will conduct. The conclusion can CATHODE CATHOOE

be drawn that the vacuum tube diode and the trans-
istor diode are functionally the same; they are used
as rectifiers, they do not amplify, and they conduct
current in only one direction. in 1907 Lee DNefForest
discovered that by placing a control grid, a small
wire mesh, in the diode between the cathode and the
plate; electron flow through the vacuum tube cc:ld
be controllied. This control was accomplished by
varying the potential on the contro)} grid. Since
there were three elements involved, the device

was called a TRIODE.

-

Which element was added to the diode vacuum tube to make it a triode?

: a. The base.

< b. The control grid. -
c. A second cathode.

d. The control®plate.

- o o o o m o mr mr mr o wr W m ar m m mr mr o ar mr m m mr m o m oy e m e m m om

b. The control grid.

Electron flow through the triode is controlled by varying

, voltage. ;
a. plate
b. cathode
c. control grid
d. base

- e m owr v W m oar owr w w ar a, W oa ar m o o A o m ar wr o mr o v e am & Ay o om

c. conirnl arid

e
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The triode is utilized as an amplifying device in the same manner as an
NPN transistor. {Multi-element vacuum tubes have no equivalent to the
PNP transistor.)} Current, in the tube, will always flow from cathode to
plate as in the NPN Transistor, as shown in Figure 1,

+ . +
CURRENT | _
..) FLOW
TRIOOE Ve NPN
Figure 1

Current never flows from plate to cathode as in the PNP Transistor.

\_.. CATHODE

FILAMENT
LEADS

Figure 2

The illustration in figure 2 includes a cut-away view of the triode. It
shows how the elements are 5ituated inside the glass envelope.
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Figure 3 illustrates an exploded view of the interior of the triode.

fFigure 3

Using the illustration on the previous page, lets ‘ind out how a triode
works, The control grid is normalily operated at some negative potential

with respect to the cathode; it is-also physically placed much closer to

the cathode than to the plate. Since the electrons must travel between the
control grid wires, the potentials of both the control grid and the plate

are effective in controlling plate current. The control grid, however, being
closer to the cathode, has more control over plate current than plate voltage
does. The control grid can be placed at such a high negative potential that
no current will flow through the triode; {a condition referred to as cut-off)
or the negative potential can be reduced to a point where all the available
electrons at the tube's cathode flow to the plate and increasing plate vol-
tage will not increase tube current. (A condition referred to as saturation.}

Current flow in a triode will be the same as current flow in

a. PNP transistors. .
b, NPl transistors,
c. NPN and PNP transistors.

- pa o mr m wm mm e o kR e M o o o e o W A o M M gy m m m m m M m om
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b. HNPN transistors.

Which of the following statements is most correct?

a. The control grid is normally operated at a negative potential with
respect to.the cathode, and at a positive potential with respect to
the plate.

b, The control grid is the only element controlling plate current.

c. The control grid-potential has more control of plate current than
the plate potential.

d. The cathode is c¢loser to the plate than is the contrul grid.

R R . T T I T e . T T A .

c. The control grid potential has more control of plate current than the
plate potential. :

Triode tubes can be used in the same type circuits as three element NPN
transistors. Triodes will use the same classes of bias as the three
element transistor; namely Class A and Class B. Triodes work fine and
last a long time, but there are some disadvantages; the most glaring

is the bad things it does at high frequencies. .

As the current through the triode increases, plate voltage tends to
decrease which causes plate current to also tend to decrease. This is
the general effect when a sine wave is placed on the control grid of &
triode. At high frequencies these changes are so rapid the triode just
can't keep up, causing signal distortion. it was discovered that if
additional grids were used most of the problems could be alleviated.
This led to the invention of the TETRODE {a four element tube) and the
PENTODE (a five element tube). —
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-

The tetrode (figure 4; is a four element vacuum tube, with the fourth
element placed close t» the control grid, but between the control grid
and the plate. The element, called a screen grid, compensates for some of
the problems the triode encountered at high ?requencies.

PLATE HEATER

N PLATE
SCREEN
CONTROL »
A

/ . HEATER
CATHODE

CONTROL
GRID

CATHODE

Figure &4

The screen grid is normally operated at some positive Voltage (typically
90 volts) therefore acting as an accelerator for the electrons, and also
as a shieid between contro!l grid and-plate.

The addition of the screen grid provides a relatively constant voltage
for the electrons emitted by the cathode., The screen grid also acts ac a
shield for the control grid and cathode against the electrostatic Ilnes
of force emitted by the plate. (So far, so good!}

Since fewer lines of force now exist between plate and cathode, changes

in plate voltage have less effect on plate current, and, due to the
shielding effect of the screen grid, the plate hecomes merely a collector
of electrons (similar to a photographic plate which collects light, but
exercises no control over the amount of 1ight it receives). In short,

the screen grid voltage now will "have more effect cn varying plate current
than variations in plate voltage will.

Just what the doctor ordered, right? Wrong! The tube was found to be

. non-linear. {in other wurds, when grid voitage increased, platc current
wouldn't increase at the same proportional rate.) The non-linearity was
no problem as far as frequency-was concerned, but it caused a highly
distorted output when large input 5ignals were used. This limited the
uses of the tetrode as an amplifier,

5455
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NOTE: With a large signal input the electrons, accelerated by the screen
grid, would bounce off of the plate; not all of the electrons, but enough
to cause a lot of distortion. '

Hame the four elements of a tetrode:

a, Plate; b. Screen grid; c. Control grid; d. Cathode

Which of the following statements is most correct?

a. The tetrode is a non-linear device, but has wide applications as
an amplifier.

b. The screen grid acts as a shield between the control grid and
cathode.

c. The screen grid has more effect on plate current than plate
voltage does.

d. The tetrode has little distortion with a large signal (nput.

A o e o g oam M o o o oam e e am o o oam o s am o o o am am o

c. The screen grid has more effect on plate current than plate voltage
does.

The solution to the tetrode's distortion problem was {you guessed it!)
to add another grid. The new grid is placed between the Screen grid and
the plate. The grid is called a Suppressor grid and the vacuum tube is
called a Pentode, see Figure 5, s

SUPPRESSUR GR!D

Pentode
Figure 5
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The suppressor grid is usually at some neg-tive potential with respect

to the plate and screen grid (normally. at the sase potential as the cathode).
Being negative, the suppressor grid serves to repel or suppress the electrons
that bounce off of the plate, It also sfows down the electrons approaching the
plate but this action uoes not interfere with elactron flow from cathode to
plate. Thus, at any qgiven screen grid voltage, plate current rises smoothly
from zero to its saturation point as control 7rid voltage is uniformly
increased. The addition of the suppressor grid also increases

the available gain and extends the freguency range.

Name the elements 6f a Pentode:

a. Pfiate; b. Supressor grid; c¢. Screen grid; d. Control grid;
- €. Cathode.

What advantages does a pentode have over a tetrode or a triode?

a. Linear current increases, lower power requirements, and extended
frequency range.

b, Extended frequency range, linear current increase, and greater
available gain.

¢. Greater avallable gain, limited freguency range, and increased
plate voltage.

d. Linear current increases, extended frequensy range, and decreased
plate voltage.

- e o o o o o o o o o o o o A o e o o o o o e A A s e o e e m wm wm wm m

b. Extended frequency range, linear current increase, and greater avail-
able gain,
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Each of the multi-element vacuum tubes can be used in an amplifier

circuit and can do a very good job. (Your older radios and TV's are

proof of that.} Yet, these tubes don't put out enough pow=" to drive

a public address system or 2 radio transmitter. For these .pplications

we use POWER TUBES; power triodes, beam power tubes, and power pentodes.

The difference in regular multi=element tubes and power tubes is the

size of the internal elements, Power tubes have much larger elements. .
The power triode and the power pentode are schematically displayved the

same as regular triodes and pentodes, The beam power tube is slightly
different, The beam power tube schematic symbol is shown in Figure 6.

PLATE

BEAM FORMING PLATES
SCREEN GRID

CONTROL GR$D
CATHODE

Beam Power Tube
Figure 6

The beam power tube has beam forming plates which keep the electrons
concentrated in a small area, Notice that these plates are at the same
potential as the cathode. Functionally the beam power tube is identical
to the power pentode.

What is the primary difference between power tubes and regular multi-
element tubes?

a, Size of the tube.

b. HNumber of control elements.
¢. Size of the tube elements.
d. Plate voltage reguirements,

- e m h m m mm M A o A o o M o o o o i W M M e 4 m o m m om m =

€. _>Size of the tube elements.
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Regular multi-i:lement type tubes may have more than one functional group
. of components in the same tube envelope. [n other words, you can have
) diode-triodes, or dus-triodes, .

i

and all kinds of pretty wild combinations. These tubes are packaged this
w3y to cut down on space and, in some cases, for special circuit applica~
tion. Whe2r, YOu see One on a sche .tic, remember -- it's a real tube and
not a figment of the printer's imu,.nation.

Because of the large numbr- of tube types in use, it has become necessary
to establish a system of identifying the socket connections, In diagrams
of circuits that include tubes, it is common practice to show the socket
connections, which in turn correspond to the connecting pins at the bottom
of the tube. Also, to be consistent with general practice, all references
to socket connections and tube pin numbering are made from bottom views of
sockets and tubes. Here are a few examples of tube pin numbering.

7 PIN MINIATURE 9 PIN_MINIATURE

Tube Pin Numbering
Figure 7

Schematically, all components are referred to with letter-number combina-
tion. Resistors use ''R", and capacitors use 'C''. Tubes use the letter 'V',

.
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. |IF YOU

ANSWER ALL SELF-TEST 1TEMS CORRECTLY, PROCEEQ TO THE MEXT LESSCN.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAHES SO THAT YOU CAM RESTUOY THE PARTS OF THIS

LESSON YOU ARE HAVING OIFFICULTY WITH. IF yOu FEEL THAT YOU HAVE

FAILED TO UNOERSTANO ALL, OR MOST, OF THE LESSON, SELECT ANO USE AMOTHER
WRITTEN MEOIUM OF INSTRUCTION, AUOIO/VISUAL MATERIALS (IF APPLICABLE),
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL
SELF-TEST ITE™S ON THE PROGRESS CHECK CORRECTLY.
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OVERVIEW
LESSON I

Vacuum Tube Circuit Configurations

In this lesson you will learn how multi-element tubes are used in cir~
cuits and how they compare to their transistor counterparts.

The learning objectives of this lesson are as follows:

TERMINAL OBJECTIVE(S):

217.2.43 When the studsnt completes this course, he will be able to
IDENTIFY the operattonal similarities ard differences that
exist between tubes and transistors by comparing similar
circuit applications. 100% accuracy is required.

ENABL ING OBJECTIVE(S):
When the student completes this lesson, he will be able to:

21T.2.43.9 IDENTIFY by selecting, the solid state amplifier configuration
(cB,CE,-CC) most iike a grounded cathode amplifier, given
four choices only one of which is correct. 100% accuracy
is required.

217.2.43.9.1 |DENTIFY by selecting the output voltage waveform of a
grounded cathode amplifier circuit given a schematic dia-
gram of a grounded cathode amplifier, an input waveform,
and a set of four waveform choices only one of which is
correct. 100% accuracy is required.

21T.2.43.10  (DEMTIFY by selecting the solid state amplifier circuit
(c8, CC, CE)} most 1tke a grounded grid amplifier circuit,
given four choices, only one of which is correct. 100%
accuracy is required.

217.2.43.10.1 (DENTIFY by selecting the output voltage waveform of a
grounded grid amplifier circuit given a schematic diagram
of a grounded grid amplifier, an input waveform, and a
choice of four waveforms, only one of which is correct.
100 accuracy is required.

21T.2.43.11  IDENTIFY by selecting the solid state amplifier circuit
(c3, cC, CE) most like a cathode follower circuit given
four statements, only one of which is correct. 100%
accuracy is required.
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OVERVIEW

21T.2.43.11.1 IDENTIFY by selecting the output voltage waveform of a
cathode follower amplifiar circuit given 2 schematic
diagram of a cathode follower amplifier, an input waveform,
and a choice of four output waveforms, only one of which
is correct. )00% accuracy is required.

21T.2.43.12  |DENTIFY by selecting a schematic diagram of. a tube-type
phase splitter circuit, given four schematic diagrams,
only one of which is correct. 100% accuracy is required.

21T.2.43.13  IDENTIFY by selecting a scnematic diagram of a tube-type
push-pull amp!ifier circuit, given four schematic diagrams,
only ore of which is correct. 100% accuracy is required,

21T.2.43.14  VERIFY the prover operation of vacuum tube amplifier confi-
gurations (CC, CG, CP) by observing the input and the output
of the amplifier given an oscilloscope, training device, and
a job program. 100% accuracy is required.

217.2.43.15 OPERATE 2 tube tester by testing various types of tubes
given a tube test -, a box of tubes, apd & job program.
100% accuracy is  ,uired,

BEFORE fOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND
PREVIEW THE L 15T OF STUDY RESOURCES 0N THE NEXT PAGE.
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LIST OF STUDY RESOURCES
LESSON 11

Vacyum Tube Circuit Configurations

W’

To learn the material in this lesson, you have the option of choosing,
according to your experience and preterences, any or all of the following

study resources:
Written Lesson presentation in:
Study Booklet:
'Summary
Programmed Instruction
Narrative
Student's Guide:
Job Program Twenty One-T-11-1 ‘'Vacuum Tube Circuit Configuration"

Job Program Twenty One-T-11-11 ''Operation of the TV-7 D/U Tube Tester'
Progress Check

Additional Material(s):
Audio/Visual Twenty One-11 'Operation of the TV-7 D/U Tube Tester'
Enrichment Material(s):

Elertronics installation ana Maintenance Book, Electronic Circuits,
NAVSHIPS 0967-000-0120, section 5

YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARC NOT NECESSARILY REQUIRED
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT ANY TIME.

16
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SUMMARY
LESSON |1

Vacuum Tube Circuit Configurations

In Module Twenty One, Transistor Amplifiers, you were introduced to the
three basic amptifier configurations.

They are the common-emitter,

ouTPUT

the common-base,

OUTPUT

and the common-col fect™r,

oureut

.

Each circuit has a particular function. Tubes are used In circuits that
compare with these simple ampiifiers.
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The first is the grounded-cathcde (see Figure 1}. {(NOTE: B+ indicates
source voltage.}

Ry

C2
| f——o QUTPUT
v

R2

Figure 1

As in the common-emitter amplifier wheie the input signal was applied to the
base, the input signal is now applied to the control grid. The output

signal is taken from the plate., This circuit has 180° phase inversion with
good voltage and power gain, The grounded-cathode tube amplifier is the most

extensively used vacuum tube circuit configuration.

The second circuit configuration is the grounded-grid amplifier (see Figure 2},
As in the common-base circuit where the input signal {s applied to the emitter,

B+

Cz
——o QuTPUT

the input is applied to the cathode, and the output is taken from the plate.
The grounded-grid amplifier, like the common-base amplifier, has no phase in-
version, This circuit configuration is generally used in higher frequency
applications. The grounded-grid has a lower power gain than the grounded-
cathode but it has a higher voltage gain.




Summary ' Twenty One-T-1|

The third type of circuit configuration is the grounded-plate (Figure §).
This circuit is similar to the common-collector circuit. A more common
name for this circyit is cathode follower.

a

Voo
INPUT Vi
N
Qs Ry OUTRUT
ouT R2
R 4
= Ra
B-—
Figure 3

The input is applied to the controy grid and the output is taken from the
cathode. Cathode followers are used in impedence matching because of
their high input impedance and low output impedance. The voltage gain of
a cathode follower is less than unity (1), and the power gain is less
than that of the grounded-cathode amplifier., Cathode followers have no
phase inversion between Inpu: and output signals.

The three circuits we just compared wers all single-ended., The next cir-
cuit is a push-pul) tube circuit (Figure 4). As in the transistor circuit,
the tube push-pull amplifier will have transformer coupling into and out
of the circuit.

Figure 4

As in the transistor push~pull amplifier, the secondary of the input
transformer, Tl, provides the matched tubes with two identical slgnals
180° out of phase. The ampllfied signal out of one tube is 180° out of
phase with the other tube's output, thus Providing the push-pull effect
across the primary of the output transformer, T2,
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In the push-pull circuit you have two inputs, one to each tube, and one
large output. The phase-splitter circuit (Figure 5) has one input signal
and two output signals. The phase-splitter, therefore, can be vsed as an
input circuit for a push-pull amplifier.

Figure 5

The input sine wave is applied to the control grid of the tube. The
output signals, one from the plate and one from the cathode, wiil be
about the same size as the input signal. The cathode signal will be in
phase with the input while the plate signal is 180° out of phase with
both signals.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU

ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE VILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES S50 THAT YOU CAN RESTUDY THE PARTS OF THIS

LESSON YOU ARE HAVING DiFFICULTY WITH, IF YOU FEEL THAT YOU HAVE

FAILED TO UHDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE}),
OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON 11

Vacuum Tube Circuit Configurations

z

TEST FRAMES ARE 6, 10, 13, 19, AND 22. AS BEFORE, GO FIRST TO TEST FRAME
6 ANu SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS
GIVEN AFTER THE TEST FRAME,

f. in Module Twenty One, Transistor Amplifiers, you learned that transis-
tors are replacing vacuum tubes !n modern equipment., This is true; however,
there are some things that tubes can do better than transistors. So

some kinds of equipment use mostly tubes, and it will be a while before a
transistorized equipment replaces them,

In the first few frames we will compare several transistor circuits with
their equivalent vacuum tube circuits,

1. The first of the vacuum tube circuits we wili cover is the grounded-
cathode ampiifier (Figure 1}, This circuit is similar to the commor-
e — - - - - [y

emitter transistor amplifier. Power supply voltage in tube circuits ts
referred to as B+ instead of Veec as is found in trans.storized circuits.

Figure 1|

Like the common-emitter configuration of transislors, the grounded-
cathode amplifier is the most widely used of the tube amplifiers.
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The grounded-cathode circuit can be compared to the
$tstor circuit.

common-emjtter

2. The grounded-cathode amplifier provides good voltage and power gain.
That is, with a small signal applied tog the contrcl grid, a much larger
signal is present at the plate,

Which of the following circuits is comparable to the groundec-cathode tube
amplifier? :

-

Ve

Rq

a‘ Rz

04TPUT

INPUT o——9 o QUTPIT

Q4

fz

ouTPUT
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3. In transistors we stated that a uysual signal input was approximately
0.3 volts, In vacuum tubes, the input voltage can range up to 20 volts
and higher. The output signal will be larger than the input signal. The
amount will depend on the circuit configuration, but its peak-to-peak
value can never be larger than the Plate voltage,

Input signals to tube circuits are usually {smaller/larger) than input
signals to transistorized circuits,

(larger)
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h. The grounded-cathode and common-emitter circuits have another similiarity
-- phase inversion. Both circuits have an inverted output signal as compared

to the input signal (Figure 2}.
INPUT 1 OUTPUT

Figure 2
The output signal‘’s maximum amplitude depends on the .

plate voltage supply {(B+)

5. What is the phase relationship between the input and output signals of
a grounded-cathode tube amplifier?

180" out of phase {or words to that effect.}
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6. which of the following output signais would you expect from a grounded-
cathode circu’t?

THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN AT
THz TOP OF THE NEXT PAGE.

B
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4

d.

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TC TEST FRAME 10.
OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENDE BEFORE TAKING
TEST FRAME 6 AGAIN

7. The second circuit confl?uratlon that we will examine i the grounded-
grid amplifier (see Figure 3 This circuit is SImllar to Ythe common-base
transistor configuration.

———o QUTPUT

‘Figure 3

L 54

The grounded-grid amplifier is more generally found in high frequency appli-
cations.

+*

The grouﬁded-grid amplifier conflguration is comparable to whlch transistor

configuration?
£ .

common-base
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8. The grounded-grid circuit has a higher voltage gain than the grounded-
cathode, yet it has a lower power gain.

VWhich of the transistor circuits illustrated below is comparable to the
grounded-grid amplifier?

ouTPUT
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9. when the input signal is applied to the cathode and is taken from the
plate, there is no phase inversion between the input and output signals.

The grounded-grid circuit has a (smalter/larger) voltage gain than the
grounded-cathode amplifier.

{1arger)
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16. Which of the output signals illustrated below would you expect to see
from a grounded-grid amplifier?

THIS 1S A TEST FRAME. COMPARE YOUR ANSWER wITH THE CORRECT ANSWER GIVEN
AT THE TOP OF THE NEXT PAGE.
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d.

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST FRAME 13,
OTHERWISE, GO BACK TO FRAME & AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING
TEST FRAME 10 AGAIN,

11. The last of the single-~ended vacuum tube amplifiars we will compare
is the grounded-plate., This circuit is more commonly called a cathode-
follower. The cathode-follower gets its name because the signal at the
cathode follows, or does the same, as the signal at the control grid. When
the signal on the grid increases, the signal from the cathode increases.

The cathode-follower tube ampiifier is comparable to the common-collector
amplifler, The input is applied to the contrcl grid and the output 's
taken from the cathode.

Which of the foilowing circuits |s comparable to the cathode-fol lower?

vee

a e b. N

R
2 our

INFUT o < QUTPUT i }
H

R4

v
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c.

17. The output signal from the cathode-foiiaower will be slightly smaller
than the input signal. The voltage gain is, therefore, less than unity
(1). Cathode-followers, like grounded-grid amplifiers, do not invert
the signal.

The cathode-follower configuration is similar to the
transistor configuration.

- o e W o m o Ak  m w dm m m W m W M om m m m M W m m m m om s W i o dm m om

common-cellectoy

A3

13, Which o the\Rutput signals illustrated below would you expect from a
cathode-follower? !

o— o —

a.
45v
ot T iN o
15\!'/\/ ouT b.
———— - 0
45V
. — —— - B w—
C. f\/ 14V
AU
—

— — -

: !
THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORKECT ANSWERS GIVEN AT
THE TOP OF THE NEXT PAGE.




Twenty One-T-11

c.

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YCU MAY GO CN TO TEST FRAME 15.
OTHERWISE, GO B..CK TO FRAME 11 AND TAKE THE PROGRAMMED SEQUENCE BEFORE

TAKING TEST FRAME 13 AGAIN.

I4, The three configurations we just studied arc commonly used, single-
ended type amplifiers. They will be found, one way or another, in tost
vacuum tube equipments. Two other circuits that are very commen are the
push-pull amplifier and the phase-splitter.

First, we will discuss the push-pull amplifier (see Figure 5).

Figure b

Fush-pull amplifiar circuits are used because of the high power they can
deliver for the smai:! number of components needed; in this case power

to drive a speaker. Radio and television sets often use this circuit
for their speaker amplifiers,

Push-pull circuitrs are used as amplifiers.

15. The push-pull circuit ilfustrated in Frame 14 utilizes transformer
coupling for the input and output; however, the circuit could also use ca-
par..tive coupling for its input. The center-tapped transformer, Tl,
functions as » phase-splitter. When a signal is app'ied {0 the primiry,
the secondary of Tl provides two identical outputs 18 out of phase. The
signals from the input transformer are applied to the control grids of the
vacuum tubes in the push-pull stage, one to each tube.

*,
T

154
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The Input coupling of a push-pull amplifier may oc either
ar . .

trensformer - capacitive (in any order)

16. Notice that both tubes are connecred together at their cathoves. The
tubes are both grounded-cathode amplifiers, When used in this circuit
zonfiguration the tubes must be matched in their conduction characteristics
to provide equal amplification,

“he two signals from the secondary of the input trans.ormer, Tl, are
(i1 phase/out of phasel.

- e o M W o m wm wm m o T o o v ey o v o w4 wm W W™ R o o ™ o o wm m wm owm w m

{out of phasel

17. If both amplifiers conduct equally, and the input signals to each tube
are equal, then the output signals from the plate of each tubs will be
equal in amplit 4e. These output signals will also be 180° out of phase,
because both o ne grounded-cathode tubes wiil invert their input signals,

If the tubés are not mateched, an adjustable resistor will have to be
addec to the cathode circuitry. The resistor must be adjusted co each
tube will amplify the same. This adjustment changes the balance of the
bias between one tube and the other.
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The amplified signals from each tube are equal in

ampticude - opposite in (180° out of) (or words to that effect)
{in that order

18.

Vo

The output signals from the tubes are applied across the primary of

the output traensformer, T2. When the current from one tube is increasing,
tke current from the other tube is decreasing. The pu~h-pull action
causes the changes in currents to 3id each other so that the output of

power from the secondary is much higher.

What component could be added o the cathode circuitry to ensure equal
¢ nduction?

An adjustable resistor.
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19. Which of the circuits illustrated below is a push-pull amplifier?

T 0

THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN AT
THE TOP OF THE NEXT PAGE.

187
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c.

IF YOUR ANSWER MATCHES TKE CﬁaRECT ANSWER, YOU MAY g0 ON TO TEST FRAME 22,
OTHERWISE, GO BACK TO FRAME 14 AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 19 AGAIN.

20. In the push-pull circuit just studied, a transformer is used as a phase-
splitter in the input stage. The function of the center-tapped trans-
former, Ti, is to produce two equal amplitude signals of opposite phase.

The following circuit performs the same function, and could be used as an
input to the push-pull amplifie:.

Rg
c3
—o ourrur

c1
o) STy v

Ry
Ra

Cy4
f—o BBTPUT

R3
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The Phase-Splitter circuit has just one input signal. The output cignats
ar~ taken from the plate and the cathode of the tube. ., The citcuit is designed
so that the output signals will be nearily equal in amplitude.

The phase-splitter circuit has {one/two) -input and {(one/twn) output
signa'(s).

one, two (in that order]

21, With phase inversion betwéen the coatrol grid’s input and the plate's
output signal, and no inversion between the control grid signal and the
cathode signal, the two output signals will be 180° out of phase wich re-
spect to each ot. ~. '

LA
o
Lad

L

on

&L
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Match the correct sine wave to the proper output location.

INPUT o—)




X
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22. Write the correct name for each of the following circuits on a separate
piece of paper.

. THIS IS A TEST FRAME. COMPARE YQUR ANSWERS WITH THE CORRECT ANSWERS GIVEN
AT THE TOP OF THE NEXT PAGE,

191
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. “n
a. Grounded-cathodé b, Grounded-grid

¢. Phase-splitter d. Cathode-fol lower (grounded pla: 2}
e. Push-pull T

A -
%
AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF Y

ANSWER ALL SELF-TEST {TEMS CORRECTLY, PROCEED TO THE NEXT LESSON.

IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS

LESSON YOU ARE HAVING DIFFICULTY WITH. 1F YOU FEEL THAT YOU HAVE

FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF APPLICABLE),
OR CONHSULTATION WITH LESRNING SUPERVISOR, UNTVIL YOU CAN ANSWER ALL
SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY.

L
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NARRATIVE
LESSON 11

Vacuum Tube Circuit Configuration

In Module Twenty One, Transistor Amplifiers, you were introduced to three
single-ended amplifier configurations. They are: the common-emitter,
the common-base, and the common-collector amplifiers. Each of these
circuits is used for a specific function or Job. In vacuum tube circuits
there is comparable circuitry. This lesson will compare the transistor
circuitry you have already studied to the comparable circuitry which uses
vacuum tubes.

The first »f these circuit configurations is the grounded-cathode (sece
Figure 1).

vceC
R ouT
ouT

IN

Q4
COMMON EMITTER

GROUNDED CATHODE
Figure 1

The common-emitter configuration gives us amplifization and phase inver-
sion. The grounded-cathode amplifier also gives us amplification and
phase inversion. The major differences between the tube and transistor
circuits is the power used by the tube. The vacuum tube can also handle
larger voltages in its input and output.

The maximum output signal of the grounded-cathode circuit, like the
common-emitter amplifier, will depend on the power supply voltage (B+)},
so, the output signal may have better than 100 volts alternation.

The grounded-cathode coenfiguration has good voltage and power gain.

e e s— S e —
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In the circuit represented belcw, which cutput signal would you expect to see
from the grounded-cathode vacuum tube ampiifier?

-

20v
C.

. . T . I . . T . e e e

The second circuit configuration is the grounded-grid amplifier. This
circuit compares to the common-base transistor amplifier.

t"'vc'c B+

C2
——o ovTPUY

INPUT 0UTPUT

COMMON BASE

GROUNDED GRID
Figure 2

188 194

||'
|
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In the common-base transistor circuit, the input signal is applied to the
emitter and the output is taken from the collector. The output signal is
amplified without phase inversion. The grounded-grid circuit is comparable
to the common-base circuit in that the output signal from the grounded-grid
tube amplitier is also amplified without phase inversion. The grounded-grid
circuit also has a larger voltage gain tham the grounded-cathode circuit.

Which output signal would you expect to see from the circuit illustrated

R

10V

e e e—

- o e o e o m m m o e oy W = o M M am W = o e e e e o M e e e am
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v

The third and last of the sigle-ended amplifiers is the ground=ad-plate con-
figuration (see Figure 3). 1In transistors it would be called common-collec-

tor.

Vee

IN
q
. ouUT
R
. ‘
COMMON COLLECTOR )
' GROUNDED PLATE
Figure 3

This circuit is generally referred to as a cathode-follower. As you can
see the cat@g fcilower's input is applied to the 9rid, and the output is
taken from tFf8¥cathode. Like the common-collector, the cathode-follower's
voltage gain is less than unity {l1). This means that the output signal

vol tage will be slightly less than the input signal voltage. As with the
common-col lector circuit, the cathode follower will hzve no phase inversion
between input and output signals,

194

190 5
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Select the output signal you would see from the circuit illustrated below.
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The vacuum tube push-pul! circeil {Figure 4), like the transistor push-
pull gircuit, uses two amplifiers with their cathodzs connected togyether.

Ty T ——

Figure 4

As in the transistor circuit, the tube push-pull amplifier uses transformer
coupling for both the input and the output of the circuit. The two tubes
will be matched by conduction characteristics. This will ensure that

both will be conducting the same amount, thereby amplifying the two input
signals to the same level. The two signals from the amplifier's plates
will be applied across the output coupling transformer at the same time,
but they will be 180° out of phase. The induced signal at the secondary

of the transformer will have much more power than a single-ended amplifier
can provide,

'n the push-pull amplifier, you have two inputs, ore to each tube, and

one large output. In the phase-splittar {Figure 5}, you have the opposite;
one input and two outputs. The outpui signals will be 186° out of phase
with each other. The amplitudes of the two output signals are nearly

equal because the plate (R4) and cathode (R3) resistors are of equal

value,

192
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Correctly name each of the following circuits in the spaces provided,

d .

INPET o-

c2
o aurPUT R ouTPUT

<
XPUT o—] vy

T

]

b
ey

T2
——o nyTPUT

Gmunded-cathocfe; b. Push-pull; c¢. Grounded-grid;
d. Grounded-plate (cathode follower); e. Phase-splitter,

193094
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&
AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON.
[F YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS,
THE CORRECT ANSWER PAGE WILL REFER YOU Tu THE APPROPRIATE PAGES,
PARAGRAPHS, OR FRAMES SO THAT YOQU CAN RESTUDY THE.PARTS OF THIS
LESSON YOU ARE HAVING DIFFICULTY WITH. |F YOU FEEL THAT YOU HAVE
FAILED TO UNDERSTAND ALL, DR MOST, OF THE LESSON, SELECT AND USE ANOTHER
WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (1F APPLICABLE},
0R CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU CAN ANSWER ALL
SELF-TEST ITEMS ON TﬁE PROGRESS CHECK CORRECTLY.




